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 Lactation is a time of rapid bone loss due to hyperprolactinemia, 
amenorrhea, and increased bone turnover, especially in the lumbar spine and 
hip. Childbearing may be one of the causes for the high prevalence (59%) of 
overweight and obesity among women. Exercise, combined with a modest 
restriction in energy intake, has been shown in non-lactating women to improve 
body composition and protect bone during periods of weight loss. However, there 
is a paucity of research on exercise and dietary interventions in lactating women 
aimed at promotion of bone health and weight loss. Therefore, the primary 
objectives of the two studies in this dissertation were: 1) to describe the changes 
in dietary intake, bone turnover markers, and hormones related to lactation and 
exercise, as well as predict changes in bone mineral density (BMD) during 
lactation in women whom had undertaken resistance exercise, and 2) to promote 
lifestyle changes through a home-based nutrition and exercise intervention 
targeting overweight lactating postpartum women. 
 The first study concluded exercise and a higher dietary calcium intake 
were inversely related to bone loss during lactation, when controlling for parity. 
Additionally, an increase in bone formation markers predicted an increase of 
lumbar spine BMD, whereas increased levels of estradiol and IGF-1 were 
positively related to total body BMD. The second study results suggest moderate 
 
energy restriction and resistance training are safe methods for weight loss in 
overweight fully breastfeeding women with no adverse affects on BMD and infant 
growth. Additionally, the use of MyPyramid Menu Planner appeared to be a novel 
tool to aid in weekly individual dietary counseling and weight loss. 
This dissertation research was the first to examine the effects of an 
exercise and weight loss intervention on attenuation of lactation-induced bone 
loss in overweight women. The results suggest moderate energy restriction, 
walking, and resistance training are safe methods for weight loss in overweight 
fully breastfeeding women with no adverse affects on BMD and infant growth.
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CHAPTER I 
 
INTRODUCTION 
 
 
 Approximately 8 million American women suffer from osteoporosis, and 
one out of every two women over the age of 50 will have an osteoporotic-related 
fracture in their lifetime (1). Lactation is a time of rapid bone loss due to 
hyperprolactinemia, amenorrhea, and increased bone turnover especially in the 
lumbar spine and hip. Lactation-induced bone loss is usually reversed with 
weaning; however, not all women recover the bone loss, thus increasing the risk 
of osteoporosis later in life. While epidemiological studies suggest that pregnancy 
and lactation are not associated with risk of fractures later in life, these studies 
did not control for site-specific decrements in bone mineral density.  
Another public health problem is the increasing prevalence of obesity, with 
59.5% of American women being overweight or obese (2). Excess weight 
retention after pregnancy increases a woman’s risk for developing a chronic 
disease later in life (3). Exercise combined with a modest restriction in energy 
intake has been shown in non-lactating women to improve body composition and 
protect bone during periods of weight loss. There is a paucity of research on 
exercise and dietary interventions in postpartum lactating women aimed at 
promotion of bone health and weight loss. 
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 We previously reported that exercise training resulted in significant 
attenuation of lactation-induced bone loss in lumbar spine bone mineral density, 
compared to a sedentary lifestyle (4). The goal of the first study of this 
dissertation was to describe the changes in dietary intake, bone turnover 
markers, hormones related to lactation and exercise, and bone (density, content, 
and area) during lactation in normal and overweight women whom had 
undertaken resistance exercise as compared to sedentary controls. The second 
goal was to determine if exercise, dietary intake, bone turnover markers, and 
hormones significantly predict changes in bone mineral density. The specific 
aims of this study were to evaluate in normal and overweight lactating women at 
three to 20 weeks postpartum whether an exercise intervention, compared to a 
sedentary lifestyle, would: 
1. affect bone turnover markers and anabolic hormones. We hypothesized that 
the exercise group would increase bone formation, decrease bone resorption 
and increase anabolic hormones compared to the sedentary controls at 20 
weeks postpartum. 
2. predict changes in bone mineral density. We hypothesized that exercise, 
higher dietary calcium intake, increase in bone formation, and an increase in 
anabolic hormones would slow the loss of bone mineral density during 
lactation. 
Expanding on the findings from the first study, the primary goal of the 
second study of this dissertation was to promote lifestyle changes through a 
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home-based nutrition and exercise intervention targeting overweight and obese 
lactating postpartum women. A second goal was to describe the acute and 
chronic response of growth hormone to resistance exercise. The final goal was to 
improve total diet or overall pattern of food eaten using MyPyramid Menu Planner 
for Moms (5). The specific aims of the second study were to evaluate in 
overweight and obese lactating women at three and 20 weeks postpartum 
whether an exercise and weight loss intervention, compared to a minimal care 
group, would: 
1. improve body composition. We hypothesized that the intervention group 
would have less loss of lean body mass and bone mineral mass and more fat 
loss compared to the minimal care group at 20 weeks postpartum.  
2. promote an increase in cardiovascular fitness and strength. We hypothesized 
that the intervention group would increase predicted maximal oxygen 
consumption and maximal strength compared to the minimal care group at 20 
weeks postpartum.  
3. affect bone-related hormones. We hypothesized that the intervention group 
would increase growth hormone compared to the minimal care group at 20 
weeks postpartum. Additionally, we would see an acute increase in growth 
hormone after the 1-repetition maximum strength test in both groups. 
4. improve total diet or overall pattern of food eaten. We hypothesized that, 
based on menu modeling with MyPyramid (6), the intervention group will 
improve the quality of their intake by consuming the recommended amounts 
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of food groups established by MyPyramid compared to the minimal care 
group at 20 weeks postpartum. 
This research was the first to describe and compare changes in bone 
turnover markers, hormones, and bone mineral density in exercising and 
sedentary normal and overweight women during lactation. Additionally, it was the 
first to examine the effects of an exercise and weight loss intervention on 
attenuation of lactation-induced bone loss in overweight and obese women as 
well as anabolic hormones. To our knowledge, this was also the first study to use 
MyPyramid Menu Planner for Moms for dietary counseling using the total diet 
approach. 
 The dissertation that follows will review relevant literature to the above two 
studies followed by three chapters. The first chapter is titled “Changes in Markers 
of Bone Turnover and Hormones and Their Association with Changes in Bone 
Mineral Density in Exercising Breastfeeding Women.” The second chapter is 
titles “The use of MyPyramid Menu Planner for Moms in a weight loss 
intervention during lactation”. The final chapter is titles “The effects of energy 
restriction and exercise on body composition in overweight and obese lactating 
women”. This dissertation will conclude with the epilogue, which will provide an 
overall conclusion to the research presented, problems and approaches to 
overcome, as well as future directions for this research. 
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CHAPTER II 
 
REVIEW OF LITERATURE 
 
 
Effects of Lactation and Calcium Intake on Bone Mineral Density 
 During peak lactation women transfer approximately 200 mg of calcium 
per day in breast milk (1-3). In order for the body to meet the extra demands for 
calcium during lactation, bone resorption increases, which increases calcium in 
the blood to be actively pumped into the breast milk for the infant (2-3). This loss 
of maternal calcium over a six-month period is equivalent to approximately a 4% 
loss in skeletal reserve with 1-10% bone density lost at trabecular rich sites (4).  
Research on dietary and supplemental calcium intake of lactating and 
non-lactating postpartum women and their changes in lumbar spine and femoral 
neck bone mineral density (BMD) are summarized in Table 2.1. Calcium intakes 
in the literature ranged from 400 to 1600 mg per day, with lactating women 
having higher intakes of calcium and a greater loss of bone density at the lumbar 
spine and femoral neck compared to non-breastfeeding women. In a study with 
undernourished Indian women consuming 445 mg of calcium, a 4% lactation-
induced BMD loss was seen in the hip, 4% loss in the femoral neck, and a 2% 
loss in the lumbar spine during the first 6 months of lactation (5).
 
 
 
 
Table 2.1. Calcium Intake and BMD during Lactation and Weaning 
 
Study Subjects Calcium intake 
(mg/d) 
% change BMD lactation % change BMD weaning BMD measurements and weaning 
defined 
Drinkwater and Chesnut 1991 
(15) 
 
6 L 
diet+suppl. 
1622 
L1-L4 
-4.1% 
 
FN 
-2.9% 
L1-L4 
-0.8% 
FN 
-5.9% 
DPA (Ohio Nuclear Series 84) 
Weaning = following 6 mo. lactation 
(baseline = prepregnancy) 
Sowers et al. 1993 (14)  
20 L (<1mo.) 
26 L (2-5 mo.) 
64 L (>6mo.) 
dietary 
939 
1158 
1596 
LS 
0.2% 
0.1% 
-5.1% 
FN 
-1.4% 
0.1% 
-4.8% 
LS 
1.6% 
2.4% 
-0.8% 
FN 
-1.3% 
0.8% 
-2.7% 
DXA (Lunar) 
Weaning = 12 mo. PP (baseline) 
Cross et al. 1995 (17)  
15 L 
diet 
1308 
L2-L4 
-4.9% 
- L2-L4 
-3.4% 
- DXA (Hologic) 
Weaning = 2 mo. postwean 
(baseline) 
Kalkwarf and Specker 1995 (97)  
65 L 
48 NL 
dietary 
828 
728 
L2-L4 
-3.9% 
+1.5% 
- L2-L4 
+5.5% 
+1.8% 
- DXA (Hologic) 
Weaning =  less than 1 breastfeed 
per day for 2 mo. (recovery) 
Affinito et al. 1996 (16)  
18 L 
18 NL 
dietary 
1782 
1245 
L2-L4         
-7.5%  
NC 
 - 
 
L2-L4 
+3% 
NC 
- DPA (NovoDiagnositcs Systems) 
Weaning = 6 mo. postlacation 
(recovery, LS still below baseline 
values) 
Lopez et al. 1996 (13)  
30 L 
26 NL 
dietary 
1479 
536 
L2-L4 
-0.3% 
+0.4% 
RFN 
-3.1% 
+0.2% 
L2-L4 
+5.7% 
-0.7% 
RFN 
+5.3% 
+4.1% 
DXA (Lunar) 
Weaning = 6 months post wean 
(baseline) 
Krebs et al. 1997 (18)  
26 L 
8 NL 
dietary 
1161 
823 
L2-L4 
-4% 
NC 
- L2-L4 
NS baseline 
NC 
- DPA (DP3 Norland) & DXA (Lunar) 
Weaning = 6 mo. postwean 
(baseline) 
Kolthoff et al. 1998 (12)  
16 L (4.8 mo.) 
26 L (8.8 mo.) 
17L (12.2 mo.) 
dietary 
1624 
1232 
1299 
L2-L4 
-3.6% 
-5.5% 
-7.2% 
RFN 
-4% 
-5% 
-7% 
L2-L4 
inc.> baseline 
inc.> baseline 
inc < baseline 
RFN 
all groups inc.  
< baseline 
DXA (Hologic) 
Weaning = 18mo. postdelivery 
Ritchie et al.  1998 (20)  
14 L 
dietary 
1087 
L1-L2 
-9.8% 
- L1-L2 
+0.4% 
- DXA (Lunar) 
Weaning = after menses (baseline) 
Laskey et al. 1998 (9)  
47 L 
11 NL 
diet+suppl. 
1256 
668 
L1-L4 
-4% 
-1% 
LFN / Hip 
-2.4% / -1.5% 
-0.4% / 0.4% 
- - DXA (Hologic) 
 
Little and Clapp 1998 (11) 
 
 
 
20 L (3 mo.) 
dietary 
1100 
L2-L4 
-4.7% 
FN 
-2.9% 
- - DXA (Hologic) 
 
 
Laskey and  Prentice 1999 (23)  
59 L 
11 NL 
diet+suppl. 
1476 
1108 
- 
 
- L1-L4 
2.7% 
0.8% 
LFN / Hip 
-2.1% / 0.4% 
-0.4% / 1.2% 
DXA (Hologic) 
Weaning = 3 mo. postlactation 
(baseline) 7 
 
 
 
 
Study Subjects Calcium intake 
(mg/d) 
% change BMD lactation % change BMD weaning BMD measurements and weaning 
defined 
Holmberg-Marttila et al. 1999 
(8) 
5 L diet 
894 
L2-L4 
~ -5% 
RFN 
~ -5% 
L2-L4 
~ -0.7% 
RFN 
~-3.5% 
DXA (XR-26 Norland) 
Weaning = 1 yr after resumption of 
menses 
(baseline = prepregnancy) 
More et al. 2001 (22) 7 L (0.7 mo.) 
11 L (3.8 mo.) 
20 L (9.1 mo.) 
diet 
1350 
1250 
1290 
L2-L4 
-0.5% 
-4.8% 
-7.4% 
- L2-L4 
+1.9% 
-2.6% 
-9.9% 
_ DXA (Lunar DPX-L) 
Weaning = 12  mo. postpartum 
(baseline) 
Chan et al. 2005 (7)   
9 L 
14 NL 
diet 
743 
506 
L2-L4 
~ -6% 
NC 
FN 
~ -2.5% 
NC 
L2-L4 
inc. < baseline 
NC 
FN 
inc. < baseline 
NC 
DXA (XR 26, Norland) 
Weaning = 12 mo. postpartum  
(avg. lactation duration 7.8 mo.) 
(baseline) 
FN (non-dominant leg) 
Kulkarni et al. 2009 (5) 36L (6 mo.) 
35 L (12 mo.) 
33 L (18 mo.) 
diet 
449 
L1-L4 
-2% 
+3.75% 
+6.25% 
FN/ Hip 
-4% / -4% 
-4% / -2.5% 
NC 
- - DXA (Hologic) 
(baseline = 16 d PP) 
Lovelady et al. 2009 (10) 10 L (5 mo.) diet 
1035 
L1-L4 
-7% 
Hip 
-2.2% 
- - DXA (Hologic) 
(baseline = 1 mo. PP) 
L= lactation; NL= non-lactation/ formula feeding; BF = breastfeeding; suppl. = calcium supplement; FN = femoral neck; RFN = right femoral neck; LFN = left femoral neck; L1-L2, L1-L4, L2-L4, 
or LS = lumbar spine; PP = postpartum; DPA = dual-photon absorptiometry; DXA = dual energy x-ray absorptiometry; NC = no change
8 
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Two studies with calcium intakes less than the dietary reference intake (DRI) for 
lactation (1000 mg/d) (6), observed a 2.5 to 5% loss in femoral neck BMD, with a 
loss of 5 to 6% in the lumbar spine (7-8). In studies with well-nourished lactating 
women, consuming high dietary calcium intakes (1000 to 1800 mg per day), less 
loss of BMD was seen in the hip [-1.5%] (9-10), similar results in the femoral 
neck [-2.4 to -4.8%] (9,11-15) and the loss lumbar spine BMD had a greater 
variance from 0.3% to 9.8% loss (9,12-21). 
Results of some studies indicate that dietary intake of calcium or 
supplementation does not appear to be protective of bone loss during lactation. 
Kolthoff et al. (12) found the magnitude and duration of bone loss at the 
trabecular rich sites was more likely attributable to the duration of lactation and 
postpartum amenorrhea versus calcium intake. The average dietary calcium 
intake in the study was well above the recommendation of 1000 mg/d (1232 mg/d 
to 1624 mg/d). Women who breastfed longer (12.2 months versus 4.8 months) 
had a longer duration of postpartum amenorrhea (11 months versus 2.3 months, 
respectively). This corresponded to a greater loss seen in lumbar spine and 
femoral neck BMD. 
However, in one study by Krebs et al. (18), lumbar spine (L2-L4) BMD in 
26 lactating women was positively associated with levels of estradiol (p<0.001) 
and calcium intake [dietary and total-including supplementation (1161 mg/d), 
p=0.03], and negatively associated with parity (p=0.03) and dietary protein 
10 
 
 
 
(p=0.01). A positive association was also seen with the calcium to protein ratio 
(p=0.01).  
Other studies, such as More et al. (22), found that women who breastfed 
longer than one month lost more bone mass at the lumbar spine compared to 
women who breastfed less than one month (-6.1% and -0.5%, respectively). The 
average calcium intake was 1270 mg/d for those who continued to breastfeed 
after the first month postpartum. In addition, the women who continued to 
breastfeed from six to twelve months postpartum lost an additional 2.7% BMD at 
the lumbar spine, where as those who only breastfed from two to six months 
postpartum gained 5.2% after weaning, in the following six to twelve months 
postpartum, despite adequate calcium intake. Conversely, Laskey and Prentice 
(23) found the duration of lactation and postpartum amenorrhea were 
significantly correlated (r2 = 0.70, p<0.001), but the relationship was independent 
of lumbar spine and femoral neck BMD. In other words, there was no difference 
in the amount of bone loss three to six months after weaning between women 
who breastfed for less than three months and those who breastfed longer than 
three months. The average calcium intake was 1476 mg/d, well above the DRI. 
 Lost bone mass usually returns to pre-pregnancy levels with cessation of 
lactation and return of normal menses independent of calcium intake, making 
breastfeeding a safe feeding choice for the infant and the mother (2,24-25). 
However, not all women return to pre-pregnancy bone mass (20). There is a 
concern that lactation-induced bone loss may increase a women’s risk of 
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osteoporosis during lactation or after menopause; particularly in women with low 
bone status prior to pregnancy or women who have their children later in life 
(9,20). Adequate calcium (> 1000 mg/d) intake may be protective of lactation-
induced bone loss. 
Effects of Exercise (Without Energy Restriction) on Body Composition 
(Bone Density, Lean Body Mass, Fat Mass) 
 Studies reviewed in this section are exercise interventions only without 
prescribed energy restriction [Table 2.2]. Weight bearing exercise in non-
pregnant, non-lactating women with normal estrogen status has shown to 
increase bone mineral density (BMD) in the lumbar spine and femoral neck by 
increased mechanical stress on bones (21,26-28). Studies with postmenopausal 
women, not using hormone replacement therapy (HRT), have found exercise to 
be beneficial for preservation of bone and reversal of bone loss as a result of the 
low estrogen state (29-34). The types of exercise need to be site specific and 
direct force into the bone to induce bone growth (28,30,35-37).  
Chilibeck et al. (38) reported no change in total body, femoral neck or 
lumbar spine BMD in premenopausal women who participated in two sessions 
per week of resistance training using Universal weight machine. Other studies in 
premenopausal women demonstrated improvement of BMD focused the exercise 
to stimulate bone through a combination of free-weight (dumbbell) resistance 
training and jumping (impact) (26-28).
 
 
 
 
Table 2.2. Effects of Exercise (Without Energy Restriction) on Body Composition (Bone Density, Lean Body Mass, 
Fat Mass) 
 
Study Subjects Study Design 
Aerobic Exercise 
Intervention 
Resistance Exercise 
Intervention 
Body Composition 
Changes 
Body Composition 
Measurement 
Premenopausal Women 
Cullinen and 
Caldwell 1998 
(43) 
Ex =20 
C = 10 
RCT 
BMI = 27 to 30 
kgm-2 
Age = 26 yrs 
None 12 wks (weight training) 
2 supervised sessions/wk 
Session 1: 3 set 10 reps 
30-60 min rest 
dumbbell bench press, 
seated dumbbell press, lat 
pull-down, dumbbell curl, 
leg extension, leg curl 
Session 2: 3 set 10 reps 
30-60 min rest 
fly, upright row, lat pull-
down, bicep curl, leg 
extension, leg curl 
Wt  NC 
FFM +2 kg  
%BF lost -2.6%  
significant changes from 
wk 0 to wk 12 (between 
groups not reported) 
3- site skinfold 
(Wilmore and Behnke) 
Ca 2+ = 813 mg/d 
(average) 
Bassey et al. 
(21) 
Ex=30 
C=25 
RCT 
BMI = 23 kgm-2 
Age = 37 yrs 
None 20 wks (Jump/ stretching) 
6d/wk, 10min/session 
Gentle movement, 
followed by 5 bouts of 10 
vertical jumps (two legs) 
progressing to 50 jumps, 
finish with lower limb 
stretching 
(Ex) FN  BMD +1.1%,  
L2-L4 BMD 2.1%, p<0.05 
NS between groups FN 
or L2-L4 BMD 
Wt +0.14 kg (Ex), +1.05 
kg (C) ,p<0.02 
FFM NC 
FM NC 
DXA (Lunar DPX-L) 
Body Composition 
(bioimpedance meter, 
EZ Comp. 1500) 
Chilibeck 
 et al. 1996 
(38) 
Ex =20 
C = 10 
RCT 
BMI = 22 kgm-2 
Age =  
20 yrs 
None 2- 10wk training periods 
70-80% 1RM universal 
weight machines 
upper body: 5 sets 6-10 
reps bench press, “lat” 
pulldown, arm “curl”, 
triceps extension 
lower body: 5 set 10-12 
reps 
leg press, knee extension, 
knee flexion 
n=10 whole routine 
n=10 split routine 
NC in TB, LS, FN BMD 
Wt loss no change 
FFM +1.5 kg (p<0.05) 
FM -3.7% (p=0.06) 
%BF -1.1% (p<0.05) 
DXA (Hologic) 
Ca 2+ = 899 mg/d 
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Study Subjects Study Design 
Aerobic Exercise 
Intervention 
Resistance Exercise 
Intervention 
Body Composition 
Changes 
Body Composition 
Measurement 
Park et al. 
2003 (44) 
Aerobic Ex = 10 
Aerobic + RT = 10 
C =10 
RCT 
BMI = 25 kgm-2 
Age = 43 yrs 
24 wk  
60 min/d, 6 d/wk 
(Aerobic Ex) and 3 
d/wk (Aerobic+RT) 
60-70% HRmax 
Aerobics progressing 
to jumps with 
aerobics 
24 wk 
60 min/d, 3d/wk 
60-70% 1RM 
bench press, side raise, 
triceps push away, barbell 
curl, leg curl, leg 
extension, leg press, leg 
raise, abdominal crunch, 
lat pull down 
Wt loss: Aerobic Ex -4.7 
(p<0.05); Aerobic+RT -
6.0 (p<0.05) 
FFM: Aerobic Ex +0.9 
(NS); Aerobic+RT +5.6 
(NS) 
FM: both groups reduced 
visceral and 
subcutaneous FM 
%BF Aerobic Ex -9.2% 
(p<0.01);  
Aerobic+RT -10.3% 
(p<0.01) 
Inbody 3.0 (Biospace, 
Korea)  
 
 
Vainionpaa et 
al. 2005 (27) 
Ex = 39 
C = 41 
RCT 
BMI = 25.6 kgm-2 
Age =  
38 yrs 
None 12 mos. 3x/wk 60 min (10 
min warm-up/ cool-down) 
Impact training: Step 
patterns, stamping, 
jumping, running and 
walking 
+ 10 min at home training 
daily 
L1-L4 BMD +0.1% (NS) 
FN BMD +1.1% (p=0.03) 
Wt loss -1.1% (p=0.08) 
DXA (Hologic) 
Ca 2+ = 1099 mg/d 
Premenopausal Women 
Winters-Stone 
and Snow 
2006 (28) 
Lower Ex (LE) = 
19 
Upper + Lower Ex 
(ULE)  = 16 
C = 24 
RCT 
BMI = 24 -24.9 
kgm-2 
Age = 38 to 41 
None 12 mo. 3x/wk warm-up and 
jumping (100/session) 
lower body 9 sets 10-12 
jumps (15-30sec rest); 9 
sets 10-12 reps (2-3min 
rest): squats, lunges, calf 
raises), upper body 3 sets 
8-12 reps (1-2min rest): 
upright row, one-arm row, 
lat. pull-down, chest press, 
chest fly, biceps curl, tricep 
extension 
TB, Hip, FN BMD NC 
LS BMD ULE +1.3%, LE 
+0.3%, C -0.5%, p<0.05 
Wt loss NC reported 
FFM ULE +0.8 kg, LE, 
+1.2 kg, C +0.5 kg, NS 
FM ULE -1.5 kg, LE -0.4 
kg, C +0.8 kg, p<0.05 
%BF 
DXA (Hologic) 
Ca2+ = 791 - 
1060mg/d 
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Study Subjects Study Design 
Aerobic Exercise 
Intervention 
Resistance Exercise 
Intervention 
Body Composition 
Changes 
Body Composition 
Measurement 
Singh et al. 
2009 (26) 
Ex = 26 
C = 28 
RCT 
BMI 25 kgm-2 
(Ex), 26.8 kgm-2 
(C) 
Age 41 yrs 
9 mo. 15 wk 
supervised/ 39 wk 
unsupervised 
1-2 walks/wk 
3 sets 8-10 RM Cybex 
(squats, leg press, leg 
extension, setaed leg curl, 
lat pulldowns); free wts 
(bench press, overhead 
press, biceps curls, tricep 
extension) 
TB BMD 1.2% (Ex) vs. 
0.9% (C), NS 
LS BMD +2.2% (Ex) vs. 
+0.3% (C), NS 
Hip BMD -0.1% (Ex) vs. -
1.6% (C), NS 
Wt +0.3kg both groups 
FFM +1.2 kg (Ex) vs. 0.4 
kg (C),p=0.03 
FM -0.8 kg (Ex) vs. -0.1 
kg (C), NS 
DXA (Lunar Prodigy) 
Ca 2+ = 718 mg/d C, 
950 mg/d Ex 
Postmenopausal women (no HRT) 
Bassey 
 et al. 1998 
(21) 
Ex = 45 
C = 32 
RCT  (5-6 YSM) 
BMI = 25 kgm-2 
Age = 55 yrs 
None 12 mo. 
50 jumps /d for 10 min  no 
shoes 6x/wk 
L2-L4 BMD -0.2% (NS) 
FN BMD -1.7% (NS) 
DXA (Lunar) 
Bioimpedance meter 
(EZ Comp. 1500) 
Ca2+ = 1005 mg/d 
Chien et al. 
2000 (30) 
Ex = 22 
C = 21 
Non-RCT, based 
on anticipated 
compliance (YSM 
11-12) 
BMI = 22-23 kgm-
2 
Age = 57 yrs 
3-50 min sessions/wk 
for 24 wk 
Graded TM walking 
and stepping ex 
5 min warmup, 30 
min 70-85% VO2 
max, 5 min cool-down 
10 min stepping 96 
beats per min, 20 cm 
high bench, rest after 
5 min. 
None non-HRT FN BMD +6.7% 
vs. C -1.1%, p<0.05 
non-HRT LS BMD NS 
+1.5% vs. C -2.2%, 
p<0.05  
DXA (Norland) 
Bioelectrical 
impedance (RJL 
Systems) 
Average Ca2+ = 
1000mg  
Brooke-
Wavell et al. 
2001 (39) 
Walk/Sed = 15 
Sed/Sed      = 20 
Walk/Walk = 16 
Sed/Walk    = 17 
Follow-up 1 yr 
post RCT (YSM 
5) 
BMI 25.7 kgm-2 
From 1 yr study Brisk 
walking start 120min/ 
2wks  to 280min/ 2 
wks after 3mo.-1yr. at 
least 20 min/ walk, 
min. 3x/wk. 
None L2-L4 BMD NS 
FN BMD NS 
Wt Change NS 
 
DXA (Lunar, DPX-L) 
Hip = FN, trochanter, 
Ward’s triangle) 
Ca 2+ = 887 mg/d (avg 
between groups) 
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Study Subjects Study Design 
Aerobic Exercise 
Intervention 
Resistance Exercise 
Intervention 
Body Composition 
Changes 
Body Composition 
Measurement 
Hagberg et al. 
2001 (33) 
Active = 11 
Athletes = 12 
C = 11 
Self-selected 
base on PA  
Cross Sectional 
(YSM 16) 
BMI  Active = 
25.8 kgm-2 
BMI Athletes = 22 
kgm-2 
BMI C = 23.6 
kg/m-2 
Age 65 yrs 
Active = low-to-mod 
intensity PH > 
90mi/wk, > 3d/wk 
Athletes = distance 
runners training for 
competitive 
endurance events 
C = not participated in 
regular activity > 2yrs 
 
None Active/ Athlete TB BMD 
higher than C 
Active LS BMD higher 
than Athlete/C 
FN BMD NS 
Wt Athletes < C < Active 
%BF Athletes 28% 
(p<0.05) versus 37% C 
and 38% Active 
FFM NS 
 
DXA (Lunar) 
Average Ca2+ 978  to 
1557 mg/d (NS) 
 
Cussler et al. 
2003 (35) 
Ex = 70 
C = not reported 
Block RCT  
(YSM 6) 
BMI 25.6 kgm-2 
Age 56 yrs 
None 1 year  3d/wk 60-75 min 
stretching, balance, 
warmup, weightlifting 2 
sets of 6 to 8 reps (seated 
leg press, lat pull-down, 
weighted march, seated 
row, back extension, one-
arm dumbbell press or 
military press, squats, 
rotary torso), and weight-
bearing circuit (walk/jog, 
skipping, hopping) stair-
climbing/ step boxes with 
weighted vests 
baseline 
%BF 38.6% 
FFM 38.6 kg 
 
Changes in body 
composition or bone not 
reported 
 
Relationship found 
between BMD change 
and total/ ex specific 
weight lifted = positive 
association between type 
of ex and BMD 
DXA (DPX-L Lunar) 
Calcium Citrate suppl. 
800 mg/d 
Douchi  
et al. 2003 
(32) 
Ex = 45 
C = 89 
Classified by 
physical activity 
(YSM 5) 
BMI = 23 kgm-2 
Age = 55.5 yrs 
2 years 
2 h/ wk  
walking, jogging, 
volleyball, tennis, 
swimming, aerobics 
None L2-L4 BMD higher 
(p<0.001) 
Wt (NS) 
FFM higher (p<0.05) 
FM lower (p<0.05) 
%BF lower (p<0.05) 
DXA (Hologic) 
Postmenopausal women (no HRT) 
Chubak  
et al. 2006 
(31) 
Ex = 87 
C = 86 
(stretchers) 
RCT 
(YSM not 
reported) 
BMI = 30.5 kgm-2 
Age = 60.6 yr 
12 mo. 
45 min moderate-
intensity  
5d/wk 
treadmill walking, 
stationary bicycling 
2 sets 10 reps 3 days/ wk 
leg extension, leg curls, leg 
press, chest press, seated 
dumbbell row 
(not required) 
TB BMD +0.5% (NS) 
Wt loss -1.3kg (p=0.01) 
FFM +0.2kg (NS) 
FM -1.4 kg (p=0.001) 
DXA (Hologic) 
Ca 2+ = 800 mg/d 
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Study Subjects Study Design 
Aerobic Exercise 
Intervention 
Resistance Exercise 
Intervention 
Body Composition 
Changes 
Body Composition 
Measurement 
Engelke et al. 
2006 
(36) , 
Kemmler et 
al. 2005/ 2007  
(34,40),  and 
Stengel et al. 
2005 (37) 
Ex = 48 
C = 30 
RCT (YSM 5) 
BMI = 25.4 kgm-2  
Age = 55.2 yrs 
 
3-yr  
2 group sessions/wk, 60-70 min each 
1. Warm-up (walking and running, high impact 
aerobics) 
2. Jumping sequence (4 set 15 mulitdirectional 
jumps) 
3. Strength 2 sets 20 reps 50%-90% 1RM 
machines 13 exercise all main muscle groups 
Isometric ex. (elastic belts, dumbbells, weighted 
vests) 2 to 4 sets wide bench press, one arm 
dumbbell row, squats, deadlift 
4. Flexibility training (stretching 1-2 sets and 30s 
passive all main muscle groups) 
2 at home sessions/wk, 25 min each 
rope skipping, isometric and belt exercises, 
stretching 
L1-L4 BMD +0.8% (NS 
from baseline) 
FN BMD -0.2% (NS from 
baseline) 
Wt loss -1.1% (NS) 
FFM -0.2% (NS) 
%BF -2.2% (NS) 
 
DXA (Hologic) 
21% and 29% dropout 
of Ex and C, 
respectively 
Attendance 77% for 
group and 61% for 
home sessions (avg 
2.4 sessions/ week) 
3-yr EFOPS (Erlangen 
Fitness Osteoporosis 
Prevention Study) 
Ca2+ = 1000 mg/d 
Bocalini et al. 
2009 (29) 
Ex = 15 
C =10 
RCT  
(YSM not 
reported) 
BMI 28 kgm-2 
(Ex), 27 kgm-2 (c) 
Age = 69 (Ex), 67 
(C) 
None 24 weeks 85% 1 RM for 
10RM every other day. 
leg press, chest press, leg 
curl, lateral pulldown, elbow 
flexion & extension, leg 
extension, upper back row, 
military press, hip 
ab/adductor, abdominal 
curls 
L1-L4 BMD NC (Ex), -1% 
(C), p<0.05 
FN BMD NC (Ex), -1.5% 
(C), p<0.05 
Wt loss -5kg (Ex), NC 
(C), p<0.05 
%BF -4% (Ex), +1% (C), 
p<0.05 
BMI -3kgm-2 (Ex), 
+1kgm-2 (C), p<0.05 
DXA (DEA-DTX 200 
osteometer) 
Velthuis et al. 
2009 (45) 
Ex = 95 
C = 88 
RCT (YSM 9-10) 
BMI 26.6kgm-2 
(Ex), 27.3kgm-2 
(C) 
Age 58.9 (ex), 
58.4(C) 
1 yr moderate/ 
vigorous 30 min 
sessions/ wk + 
30min at home, 
(walking/cycling) 
10min warm-up, 20 
min aerobic 60-80% 
HRmax, 25 min 
strength, 5 min cool-
down  
60% 1 RM, 20 to 25 reps  
general muscle strength 
(back, lower and upper 
extremities) 
50% 1RM, 30 to 40 reps 
abdominal muscles 
Wt loss 1% (Ex), 0.5% 
(C) (NS) 
FFM +0.7% (Ex), -0.5% 
(C) p<0.05 
FM -3% (Ex), -0.5% (C) 
(NS)  
BF% -2.2 (Ex), 0% (C) 
(NS) 
 
DXA (Lunar, Prodigy) 
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Study Subjects Study Design 
Aerobic Exercise 
Intervention 
Resistance Exercise 
Intervention 
Body Composition 
Changes 
Body Composition 
Measurement 
Brooke-
Wavell et al. 
2001 (39) 
Walk/Sed=15 
Sed/Sed=20 
Walk/Walk=16 
Sed/Walk=17 
Follow-up 1 yr 
post RCT (YSM 
5) 
BMI 25.7 kgm-2 
From 1 yr study 
Brisk walking start 
120min/ 2wks  to 
280min/ 2 wks after 
3mo.-1yr. at least 20 
min/ walk, min. 
3x/wk. 
None L2-L4 BMD NS 
FN BMD NS 
Wt Change NS 
 
DXA (Lunar, DPX-L) 
Hip = FN, trochanter, 
Ward’s triangle) 
Study Subjects Study Design Aerobic Exercise 
Intervention 
Resistance Exercise 
Intervention 
Body Composition 
Changes 
Body Composition 
Measurement 
Exercise and Lactating Women 
Drinkwater 
and Chesnut 
1991 (15) 
Ex = 6 
C = 25  
(NP/ NL) 
2 yr. longitudinal 
study 
prepreg., 1mo. 
PP, 6 mo. PL 
BMI = 20.8 kgm-2 
Prepreg activities: 
1.3 h/d, 5.3 d/wk, 
32.8 miles/wk 
running, cycling, 
swimming, weights 
None L1-L4 BMD 
 -4.1% & -0.8%  
FN BMD  
-2.9% -5.9%  
(not compared to control) 
DPA (Ohio Nuclear 
Series 84) 
(no report of  PP 
activities) 
Ca 2+ = 1622 mg/d 
Lovelady et 
al. 1990 (46) 
Ex=8 
C=8 
Cross-sectional 
classified by PA 
3 to 4 mo. PP 
BMI = 30 kgm-2 
(Ex), 273. Kgm-2 
(C) 
Self-reported 
average 88min/d 
>1yr vigorous ex, 
with decreased 
intensity during 
pregnancy 
None Wt NS 
%BF 21.7% (Ex) vs. 
27.9% (C), p<0.01 
  
Hydrostatic weighing  
6-site skinfold  
(Jackson & Pollock)  
Little and 
Clapp  
1998 (11) 
Ex = 11 
C = 9 
Classified by 
physical activity 
2 wk to 3 mo. PP 
BMI = 24.7 kgm-2 
Self-reported 3-6 
d/wk 25-70 min/ 
session 55-75% 
prepreg. VO2max 
walking, running, 
aerobics, step 
aerobics, stair 
machines, biking, 
swimming, 
resistance training 
None TB BMD +0.4% (NS) 
L2-L4 BMD -4.1% (NS) 
FN BMD -2.8% (NS) 
Wt lost -1.8kg (NS) 
%BF (2wksPP) 23.4% 
DXA (Lunar) 
5-site skinfold 
(Jackson & Pollock) 
Ca 2+ = 1292 mg/d 
Lovelady et 
al. 2009 (10) 
Ex = 10 
C =10 
RCT 
4 wk to 5 mo. PP 
BMI = 24.8 kgm-2 
(C), 26.1 kgm-2 
(Ex), NS 
45 min. walking 3 
d/wk, predicted 
HRmax 65-85% 
Split routine 3 d/wk 
d 1- squats, bench press, 
standing military press, 
abdominal crunches, and 
wall sit 
d 2- stiff-leg deadlifts, push-
ups, high pulls, bent-over 
dumbbell row, and 
abdominal plank 
L1-L4 BMD -4.8% (Ex) 
vs. -7% (C), p<0.01 
Hip BMD. -2.8% (Ex) vs. -
2.2% (C) (NS) 
Wt lost -3.6kg (Ex) vs. -
3.5kg (C)  (NS) 
FFM -0.7kg (Ex) vs. -
1.6kg (C), p=0.05 
FM -2.9kg (Ex) vs. -1.9kg 
(C) (NS) 
%BF -9.5% (Ex) vs. -
4.3% (C) (NS) 
DXA (Hologic) 
Ca 2+ = 944 mg/d C to 
1209 mg/d Ex 
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Study Subjects Study Design 
Aerobic Exercise 
Intervention 
Resistance Exercise 
Intervention 
Body Composition 
Changes 
Body Composition 
Measurement 
       
Dewey et al. 
1994 (47) 
Ex = 18 
C = 15 
RCT 
BMI = 28 kgm-2 
12 wks (6-8 wks PP 
start) 45 min/d, 5 
d/wk walking, 
jogging, or bicycling 
(60 to 70% HHR) 
None Wt lost -1.6 (NS) 
%BF lost -1.5% (NS)  
Hydrostatic weighing 
Ex = number of women in the exercise group; C = number of women in the control group (non-exercise); Sed = sedentary; NP/NL =  non-pregnant/ non-lactating; PP = 
postpartum; PL = post-lactation; RCT = randomized control trial; BMI = body mass index (weight in kg divided by height in meters squared); YSM = years since menopause; 
HHR = heart rate reserve; HRmax = heart rate maximum; reps = repetitions; 1 RM = maximum weight lifted one-time; TB = total body; L2-L4 = lumbar spine; FN = femoral 
neck; FFM =  fat-free mass; FM = fat mass; %BF = percent body fat; DXA = dual energy x-ray absorptiometry; DPA = dual-photon absorptiometry; Ca2+ = calcium intake; 
NC =  no change; (NS) = non-significant result compared to the control group, if significant p value present; HRT = hormone replacement therapy.
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Bassey et al. (21) found 50 vertical jumps per day, six days per week for 
20 weeks significantly improved BMD in the femoral neck and lumbar spine in 
premenopausal women compared to a control group.  
In postmenopausal women (no HRT) twelve months of 50 vertical jumps 
per day for 10 minutes had no effect on femoral neck or lumbar spine BMD (21). 
Additionally, aerobic exercise (walking) appears to have no effect on femoral 
neck or lumbar spine BMD in postmenopausal women (39). Conversely, a 
comparison of physical active women who participated primarily in aerobic 
exercise (walking, running, tennis) for at least 2 hours per week for two years to 
sedentary counterparts had higher lumbar spine BMD (32-33). Chien et al. (30) 
combined aerobic exercise (50 minutes per session, 3 sessions per week graded 
treadmill walking) with 10 minutes of stepping 96 beats per minute significantly 
improved femoral neck and lumbar spine BMD in postmenopausal women (no 
HRT). Positive effects on BMD were seen in studies that incorporating free-
weight resistance training (29), aerobic and resistance training (31), and aerobic, 
resistance training and jumping (34,36-37,40). 
 The optimal training strategy (intensity, frequency, duration, and volume) 
for improvement of bone in women with a low estrogen status has yet to be 
determined (37). However, once the stimulus for bone growth stops, detraining 
occurs, bone resorption increases, and bone formation decreases thus losing 
any gains from exercise training (41).  
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There is limited research into the benefits of exercise or physical activity 
on bone density in women during the postpartum period. To date, three 
published studies have directly addressed exercise during the postpartum period 
with respect to attenuation of lactation-induced bone loss (42). The first study by 
Drinkwater and Chesnut (15) measured bone mineral density at seven skeletal 
sites in six female athletes enrolled in a two-year longitudinal study who became 
pregnant. From one month postpartum to six months of lactation, the femoral 
neck was the only site with a significant decrease of 3.1%. Although not 
statistically significant, a gain of 3.4% in lumbar spine BMD was observed during 
the same time- period. The changes in femoral neck bone density observed in 
this active population during lactation were similar to femoral neck bone density 
changes reported in the literature for non-exercising lactating women (Table 2.1). 
Conversely, the changes in lumbar spine were not similar. However, the sample 
size was a relatively small sample to draw definitive conclusions regarding the 
effects of exercise on BMD during lactation and there was no control group of 
non-exercising women.  
 The second published study was with twenty fully breastfeeding women 
for the first three months postpartum (11). Exercise was defined as an aerobic 
session more than three days per week for longer than 20 minutes per session. 
There were no statistical differences between the control or exercise group in the 
loss of lumbar spine BMD (-5.4% and -4.1%, respectively) or femoral neck BMD 
(-2.7% and -2.8%, respectively). This bone loss was similar to other studies 
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investigating the effects of lactation-induced bone loss (Table 2.1). There are 
three limitations to this study. The first was a lack of randomization into an 
exercise or control group. Group assignment was based on self-reported activity. 
Second, the self-selected and self-reported exercise mode (aerobic) might not 
have provided a sufficient stimulus for bone. Finally, the third limitation was the 
study duration, only three months in length. The short time span may not have 
been long enough to see an effect of exercise on bone remodeling.  
The third study was a 16-week exercise aerobic and resistance exercise 
intervention with twenty fully breastfeeding women (10). Aerobic exercise was 45 
min of walking three days per week at 65 to 85% of predicted heart rate 
maximum. Resistance exercise was a split routine three days per week focused 
on exercises that directed force through the axial skeleton. The exercise group 
lost significantly less lumbar spine BMD compared to the control group (-4.8% vs. 
-7%, respectively). Hip BMD loss was similar between the groups (-2.8% 
exercise vs. -2.2% control). The results suggest that exercise slows the loss of 
lactation-induced bone loss in the lumbar spine. 
The use of resistance exercise for improvement of body composition 
(decrease in fat mass and increase in lean body mass) has been demonstrated 
in both pre- and postmenopausal (not using HRT) women (26,28,31,38,43-45) 
[Table 2.2]. However, Bassey et al. (21) found 50 jumps per day, six days per 
week for 20 weeks had no effect on body composition in premenopausal women. 
In postmenopausal women (no HRT), a one year walking intervention has no 
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effect on weight (39). Conversely, postmenopausal women, who are aerobically 
active (> 2 hours per week for at least 2 years), have higher fat free mass (32), 
lower fat mass and percent body weight (32-33) regardless if actual weight was 
different from their non-active peers.  
The Erlangen Fitness Osteoporosis Prevention Study (EFOPS) (34,36-
37,40) was a 3 year aerobic and resistance training intervention with jumping in 
postmenopausal women (no HRT). Although, body composition changes were 
non-significant compared to the control group, the exercise group lost 1.1% body 
weight, 2.2% body fat, and 0.1% fat free mass. The women had a BMI of 25.4 
kg/m2 and consumed 1000 mg/d of calcium. The loss of fat free mass may have 
been due to a low compliance (77% group and 61% at home).  
Other exercise interventions with postmenopausal women (no HRT), 
found improvements in body composition. In a twelve month intervention, 
Chubak et al. (31) found forty-five minutes of moderate-intensity aerobic exercise 
five days per week coupled with three days a week of resistance exercise 
induced weight loss (-1.3 kg) primarily from fat mass (-1.4 kg) and fat free mass 
was preserved (+0.2 kg) compared to the control group. Velthuis et al. (45) found 
similar results in body composition (1% weight loss, -3% fat mass, -2.2% body 
fat, and +0.7% fat free mass) with a combination of aerobic and resistance 
exercise during a 1-year intervention. In postmenopausal women (no HRT) 
aerobic exercise combined with resistance training may improve body 
23 
 
 
 
composition, however, frequency, intensity, duration, and mode of exercise may 
be important.  
There are few studies to date investigating exercise on body composition 
during lactation. There are two studies to date that have investigated the effects 
of aerobic exercise on body composition and only one study investigated the 
effects of aerobic and resistance exercise on body composition in lactating 
women [Table 2.2]. In a cross-sectional study comparing fully breastfeeding 
women around three to four months postpartum, women who engaged in aerobic 
exercise on average 88 min/d for at least the prior 12 months had a lower body 
fat percentage compared to a less active cohort (21.7 + 3.5% versus 27.9 + 
4.7%, p< 0.01, respectively) (46). The body weight between the two groups was 
similar. Additionally, there were no statistically significant differences between the 
groups for weight, infant’s body weight, or breast milk volume or composition.  
In a randomized control trial investigating the effects of a 12 week aerobic 
exercise intervention on body composition in fully breastfeeding women, no 
statistical differences between the exercise or control group for body fat 
percentage, lean body mass, weight, and breast milk volume or composition 
were seen (47). The exercise group engaged in walking, jogging, or cycling on 
average of 4.5 days per week at 60 to 70% heart rate reserve. Both groups lost 
1.6 kg of body weight and 1.5% of percent body fat.  
In another randomized control trial, resistance training during lactation was 
found to preserve lean body mass with no difference in weight or fat mass 
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between women who exercised compared to the control (10). The weight loss 
between the exercise group and control group was similar (-3.6 kg versus -3.5 
kg, respectively) during the 16-week intervention. However, the exercise group 
lost significantly less lean mass (-0.7 kg) compared to the control group (-1.6 kg), 
p = 0.05.  
Aerobic and resistance exercise may improve body composition in 
lactating postpartum women, regardless of weight loss. Additionally, exercise 
during lactation had no adverse affects on infant’s body weight, or breast milk 
volume or composition (48). However, there is a need for more research on the 
effects of resistance training on body composition (bone density, fat-free mass, 
fat mass) during the postpartum period. 
To summarize the research, studies in premenopausal and 
postmenopausal (no HRT) women found exercise to increase bone density and 
improve body composition; however, frequency, intensity, duration, and mode of 
exercise are important. The few studies in lactating postpartum women found 
aerobic exercise improved body composition, and a combination of aerobic and 
resistance training attenuated lactation-induced bone loss in the lumbar spine; 
however, further research is needed. 
Effect of Energy Restriction and Exercise on Body Composition (Bone 
Density, Lean Body Mass, Fat Mass) 
 Creating a negative energy balance to induce weight loss can be achieved 
either by increased energy expenditure through exercise or decreased energy 
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intake through diet or both. Studies with premenopausal healthy women show 
preservation of bone density with a moderate reduction of energy intake or when 
combined with an increase in energy expenditure (49-52). In studies with 
postmenopausal women, energy restriction with exercise induced weight loss 
without changing or affecting bone mineral density at the hip and spine (53-55) 
[Table 2.3]. 
Redman et al. (56) created an energy deficiency of 25% either through 
energy restriction or energy restriction with aerobic exercise in premenopausal 
women. There were no significant differences between the amount of weight loss 
from energy restriction or from aerobic exercise combined with energy restriction. 
However, the energy restriction with exercise group lost more weight from fat 
mass compared to the group with just energy restriction. 
 In overweight/ obese postmenopausal women (not using HRT), a 
significant change in body weight and fat-free mass was seen over an 11-week 
study using a reduced energy diet with no exercise (57). Although 78% of the 
weight loss was from fat mass, the women lost a significant amount of fat-free 
mass, with no significant change to bone mineral content. A similar study, 
investigated the effect of a reduced energy diet (250-500 kcal per day reduction) 
plus a walking program (3 days per week) on weight loss over a six-month period 
(54,58-59).
 
 
 
 
Table 2.3. Effects of Energy Restriction (and Exercise) on Body Composition (Bone Density, Lean Body Mass, Fat Mass) 
 
Study Subjects Study Design 
Aerobic Exercise 
Intervention 
Resistance Exercise 
Intervention Body Composition Changes 
Body Composition 
Measurement 
Premenopausal Women 
Hunter et al. 
2008 (62) 
 
Ex A (aerobic) 
=16 
Ex R (RT) = 17 
C =13 
RCT 
BMI = 28.3 kgm-2 
Age 35.7 yrs 
All groups 
consumed 800 
k/d; 18-22% Pro 
10 wks: 40 min 
walking/ jogging 
on treadmill 67% 
HRmax inc. to 
80% HRmax 
3d/wk 
Warm-up 5min, 
stretching 5min 2 sets 
10 reps @ 80% 1RM 
3d/wk  
squats, leg extension, 
leg curl, elbow flexion/ 
extension, lateral pull-
down, bench press, 
military press, lower 
back extension, and 
bent leg sit-ups 
Wt loss 12.7kg (ExA), 12.5 (ExR), 
C 13.7kg (NS) 
%BF -8.8% (ExA), 10.7% (ExR), 
9% (C) (NS) 
FFM -1.8kg (ExA), +0.1 (ExR), C -
1.9kg (p<0.01) 
FM  -10.9kg (ExA), -12.4 (ExR), C 
-11.8kg (NS) 
BOD POD 
Controlled diet, 
prepared 800 kcal/d  
 
Nakata et al. 
2008 (52) 
 
 
 
 
Diet (D) = 21 
Diet + RT (DR) = 
21  
RCT 
BMI – 27.5 kgm-2 
Age 40 to 42 yrs 
Dietary intake 
1200 kcal/d 
800 mg/d calcium 
Pedometer 
(Lifecorder) at d7 
and weeks 10 
avg steps/d both 
groups 8000 to 
9000 
90 min RT 3d/wk 
alternate days. 14 wks 
Warm-up, free wts RT, 
cool-down. 
bench press, squats, leg 
curls and extensions, 
situps. 
progress 1 to 3 sets 12 
to 15reps  
 
Diet 1302 kcal (D), 1272kcal (DR), 
NS 
Protein 1.2 g/kg both groups 
Ca 1044mg (D), 969 mg (DR), 
p<0.05 
TB BMD -0.8% (D), NC (DR), NS 
LS BMD NC both groups 
Wt loss 6.2kg(D), 8.6 (DR), NS 
FFM -1.7kg (D),-1.8kg (DR), NS 
FM -4.5kg (D), -6.9kg (DR), 
p<0.05 
DXA (Lunar DPX-L) 
Prescribed diet, 3d 
food records 
 
Riedt et al. 
2007 (61) 
 
 
 
High Ca Wt loss 
(HCaL)=14 
Normal Ca Wt 
loss (NCaL)=17 
Normal Ca Wt 
Maintance 
(NCaM)=13 
RCT 
BMI 27.7 kgm-2 
Age 38 yrs 
8 mo. Wt loss/ wt. 
maintance 
Dietary intake 
1200-1500 kcal/d 
diet only (NS) 
HCaL 1376kcal, 
1890mg/d Ca 
NCaL 1406kcal, 
1162mg/d Ca 
NCaM 1624, 
1202mg/d Ca 
None TB BMD +0.6% (HCaL) vs -0.2% 
(NCaL) vs -1.1% (NCaM), p=0.03 
LS BMD , FN BMD and Hip BMD 
NS 
Wt loss -5.5kg (HCaL)(NCaL) vs. -
0.1kg (NCaM), p<0.0001 
FFM -0.8kg (HCaL) vs -1.8kg 
(NCaL) vs +0.2kg (NCaM), p=0.02 
FM -5kg (HCaL) vs -3.2kg (NCaL) 
vs     -0.2kg (NCaM), p<0.0001  
DXA (Lunar Prodigy) 
Ca Citrate 
Supplementation + 
600mg/d diet Ca =  
High Ca 1.8g/d 
Recommended Ca 1 
g/d (normal) 
ADA exchange and 
behavior modification, 
3d food records 
Bowen et al. 
(98-99) 
 
 
High dairy 
Protein/ High Ca 
(DP)=15 
High mixed 
protein/moderate 
Ca (MP)=15 
Matched RCT 
12 wk Energy 
Resisted 
Age 46 yrs 
BMI 34.6 (DP), 
31.9 (MP) 
diet only 
DP 1390kcal, 
2371mg/d Ca 
MP 1418kcal, 
509mg/d Ca 
1.3 g protein/kg 
(NS group) 
Ca p<0.001 
groups 
None TB BMD NC 
Wt loss -9.4kg (DP) vs. -7.8kg 
(MP) NS 
FFM -0.9kg (DP) vs. -1.0kg (MP) 
NS 
FM -9.2kg (DP) vs -7.1kg (MP) NS 
DXA (Norland XR36) 
Prescribed diet, 3d 
food records 
DP = 9 
premenopausal 
women; MP = 8 
premenopausal 
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Study Subjects Study Design 
Aerobic Exercise 
Intervention 
Resistance Exercise 
Intervention Body Composition Changes 
Body Composition 
Measurement 
Layman et 
al. 2005 (51) 
and Thorpe 
et al. 2008 
(100) 
 
Pro=12 
Pro+Ex=12 
CHO=12 
CHO+Ex=12 
RCT 4 mo diet + 
exerc, 8 mo. 
followup 
Age 45 to 48 yrs 
BMI (kgm-2): 
Pro=34.8 
Pro+Ex=31.4 
CHO=35.4 
CHO+Ex=30.2 
All groups= 
walking 5d/wk for 
30min/d 
Ex only = 2d/wk 30min 
RT 7 nautilus machines 
1 set 12 reps 
All groups 1300-1500kcal (NS) 
Pro 1.3g/kg (Pro, Pro+Ex) vs 
0,7f/kg (CHO, CHO+Ex), p<0.001 
diet 
TB BMD +1.6%, LS BMD +2.1%, 
Hip BMD +1.4% higher in Pro 
compared to CHO at 1yr 
(no effect of exercise was seen) 
Wt loss -9.3kg (Pro, Pro+Ex) vs. -
7.3kg (CHO, CHO+Ex), p<0.05 
FFM -2kg (Pro), -0.4kg (Pro+Ex), -
2.7kg (CHO), -1kg (CHO+Ex), 
p<0.001 exercise 
FM -7.3kg (Pro, Pro+Ex),  -5.3kg 
(CHO, CHO+Ex), p<0.05 
DXA (Hologic) 
Prescribed diet, daily 
menus 
24 recall + 3d 
weighed food records 
1700kcal/d 
Pro Diet= 1.6g/kg/d 
Pro, low CHO (40%) 
CHO Diet= 0.8g/kg/d 
Pro, high CHO (55%) 
Anderson et 
al. 1997 (50) 
Diet =8 
Diet + RT - 11 
RCT 24 wks 
Age 38 to 41 yrs 
BMI 34 kgm-2 
 
diet only  
925 to 1500kcal/d 
3d/wk supervised 24 
wks 1-2 sets 8-12 RM 
50 min; Nautilus and 
Cybex circuit exercises: 
bench press, lat pull-
down, chest fly, 
shoulder press, leg 
extension, curl & press, 
hip extension, arm curls 
& extensions, sit-ups, 
back extension 
NS decrease TB, LS, Hip BMD 
FN BMD 2.9% (diet), 3.9% 
(diet+ex), p<0.05 
Wt loss -19.4kg (Diet) vs -16.6kg 
(Diet+Ex), NS 
FFM -2.8kg (Diet) vs -1.3kg 
(Diet+RT), NS 
FM -16.6kg (Diet) vs -15.3kg 
(Diet+RT), NS 
DXA (Lunar DPX) 
Prescribed diet, 
controlled only wk 2 
to 17 
900 to 925kcal/d 
liquid meals + dinner 
18 to 24wks add solid 
food 
 
Postmenopausal women (no HRT) 
Campbell et 
al. 2009 (49) 
Ex + diet =8 
C =8 
16 wk RCT (YSM 
not reported)  
BMI 29 kgm-2 
Age = 68 
Ca not reported 
1g Protein/kg/d 
-500kcal/d 
 
 
 
 
None 16 wk: 3d/wk, 2 sets 8 
reps, 1 set 12RM. Leg 
extension, leg curl, leg 
press, chest press, arm 
pull extensions 
Diet 2138kcal (C), 2212kcal NS 
FFM -1.6kg (C), -0.3kg (Ex) p = 
0.05 
Wt and FM both groups decreased 
(NS between groups) 
BOD POD 
Harris Benedict x 0.7 
times minus 
500kcal/d 
Controlled diet, 
prepared 
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Study Subjects Study Design 
Aerobic Exercise 
Intervention 
Resistance Exercise 
Intervention Body Composition Changes 
Body Composition 
Measurement 
Ryan et al. 
1998 (54) 
 
 
 
 
 
Diet = 15 
Diet + Ex =15 
6mo. Subject 
Preference for 
group (YSM not 
reported) 
BMI = 30.5 kgm-2 
Age = 63 yrs 
 
 
 
Walking/ jogged 
treadmills 3x/wk 
6mo. 35 min with 
10 min warm up/ 
cool down. >70% 
VO2max 
None Diet 1400-1500kcal both groups 
TB BMD -1.7% (Diet), -1.4% 
(Diet+Ex), NS 
LS BMD -1% (Diet), +1.4% 
(Diet+Ex), p=0.07 
FN BMD -2.6% (Diet), +1.2% 
(Diet+Ex), p=0.01 
Wt loss -7.4kg (Diet), -6.6kg 
(Diet+Ex), NS 
FFM -0.5kg (Diet), -0.7kg 
(Diet+Ex), NS 
FM -7kg (Diet), -5.8kg (Diet+Ex), 
NS 
DXA (Lunar DPX-L) 
American Heart 
Association Step I 
diet 7d food records 
250-250kcal/d deficit 
Gallagher et 
al. 2000 (57) 
 
 
 
 
Postmenopause 
(PM)=14 
Ref=40 studies 
diet only weight 
loss Ballor and 
Poehlman 1994 
(101) 
16wk Prospective 
comparison to 
young obese 
(YSM not 
reported) women  
Age 63 yrs 
Ref age 37 yrs 
BMI 35.3 kgm-2 
Ref BMI 33.8 
kgm-2 
 
 
 
 
diet only 
1200 kcal/d 
0.7g protein/kg/d 
 
None Diet 1200kcal/d 
TB BMD 0.02% (PM) 
Wt loss -9.6kg (PM) vs -10.6kg 
(Ref) 
FFM -2.1 kg (PM) vs -2.5kg (Ref) 
FM -7.4kg (PM) vs -6.8kg (Ref) 
DXA (Lunar DPX) 
Prescribed diet, 
controlled 
You et al. 
2006 (102), 
Bopp et al. 
2008 (60), 
Silverman et 
al. 2009 (55) 
 
 
 
 
 
 
Diet 
Diet+High 
Intensity Ex 
(DHE) 
Diet+Low 
Intensity Ex (DLE) 
20wk RCT 
(YSM not 
reported) 
Age 58 yrs 
BMI 33kgm-2 
 
 
 
 
20wk: 3d/wk 
walking on 
treadmill 
Low intensity= 45-
50% HHR 55min 
High intensity= 
70-75% HHR 
30min 
combined with 
diet 2800kcal/wk 
deficit (400kcal/d) 
None Diet 1288kcal/d NS groups 
Pro 0.62g/kg/g NS groups 
FN BMD +2.01%( DHE+DHL), NC 
(Diet), p=0.001 
LS BMD NS groups 
Wt loss -10.8kg NS groups 
FFM -3.7kg NS groups 
FM -8kg NS groups 
DXA (HOlogic Delphi 
QDR) 
Prescribed diet, 
controlled 
350kcal/d deficit 
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Study Subjects Study Design 
Aerobic Exercise 
Intervention 
Resistance Exercise 
Intervention Body Composition Changes 
Body Composition 
Measurement 
Exercise and Lactating Women 
McCrory 
et al. 1999 
(74) 
Diet = 22 
Diet+Ex = 22 
C = 23 
RCT  
diet 35% deficit 
diet+Ex 
35% deficit (60% 
diet, 40% Ex) 
BMI = 25kgm-2 
10-12 –d  
50-70% HRmax 
walking, jogging, 
low-impact 
aerobics, step-
aerobics, 
bicycling, 
swimming, stair 
steppers, and 
stationary cycles 
None Wt loss  
Diet -1.9 kg (p<0.05 C) 
Diet+Ex -1.6 kg (p<0.05 C) 
FFM 
Diet -0.9 kg (p<0.05 C & Diet+Ex) 
Diet+Ex 0.0 kg (p<0.05 Diet) 
FM 
Diet -1.3 kg (p<0.05 C) 
Diet+Ex -1.6 kg (p<0.05 C) 
%BF lost 
Diet -0.9% (p<0.05 C & Diet+Ex) 
Diet+Ex -1.6% (p<0.05 C & Diet) 
Hydrostatic weighing 
 (n = 23) 
Bod Pod (n = 44) 
Lovelady  
et al. 2000 
(73) 
Diet+Ex = 21 
C =19 
RCT 
BMI = 27-28 kgm-
2  
10 wks (4wks PP 
start) 
45 min session 
4x/wk (65-80% 
HRR) 
walking, jogging, 
aerobic dancing 
Diet 500 kcal/d 
deficit 
 
 
 
 
 
None Wt loss -4.8 kg (p<0.01) 
FFM -0.8 kg (NS) 
FM -4.0 kg (p<0.01) 
%BF lost -3.3% (p<0.01) 
 
6-site skinfold 
(Lohman) 
Underwater weighing 
O’Toole et 
al. 2003 (75) 
Diet+Ex (DE)=21 
Lifestyle (L) =19 
RCT 
BMI=29.8 kgm-2 
Age= 31 to 32 yrs 
12 to 14 wks PP 
Mixed lactating 
and formula 
feeding women 
12 wks to 1 year 
Specific 
individualized 
plan moderate 
intensity activity 
guided by HR 
None Diet 1918 (L) vs 1758 (DE), NS 
Wt loss –0.6kg (L) vs -5.6kg (DE), 
p<0.05 
FM -1.7kg (L) vs. -5.9kg (DE), 
p<0.05 
BodPod 
Harris Benedict * 1.3 
activity factor + 500 
lactation – 350kcal wt 
loss 
Goal 500kcal/d deficit 
DE= specific diet plan 
3d food records 
Ex = number of women in the exercise group; C = number of women in the control group (non-exercise); NP/NL =  non-pregnant/ non-lactating; PP = postpartum; PL = post-
lactation; RCT = randomized control trial; BMI = body mass index (weight in kg divided by height in meters squared); YSM = years since menopause; HHR = heart rate 
reserve; HRmax = heart rate maximum; RT= resistance training; reps = repetitions; 1 RM = maximum weight lifted one-time; TB = total body; L2-L4 = lumbar spine; FN = 
femoral neck; FFM =  fat-free mass; FM = fat mass; %BF = percent body fat; DXA = dual energy x-ray absorptiometry; DPA = dual-photon absorptiometry; NC =  no change; 
(NS) = non-significant result compared to the control group, if significant p value present; HRT = hormone replacement therapy; Pro= protein; Ca=calcium; 
CHO=carbohydrate.
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The intervention induced a significant amount of weight loss and decreased fat 
mass, without a significant change in fat free mass or lumbar spine bone mineral 
density. Similar results were seen with energy restriction and resistance training 
only intervention  (49). Other studies have shown an increase in protein (>1g/kg 
body weight) and calcium (>1000mg/d) consumption to be protective of bone and 
fat-free mass during periods of weight loss (51,60-61), especially when coupled 
with resistance training exercise (49,52,62) [Table 2.3]. 
 It is important to emphasize, the above studies investigated moderate 
reductions in energy intake with or without modest increases in energy 
expenditure. In studies that have investigated extremely low levels of energy 
intakes (405 to 1000 kcal/d) (63-65) or in studies with rapid weight loss (> 1 
kg/week) during a short periods of time (less than three months) (66-67) have 
found significant reductions in bone density . One study reported a 15.6 kg 
weight loss over 10 weeks resulted in a total body BMD loss of 2.5% in women 
(63). Extreme weight loss methods (diet or gastric surgery) have also been 
shown to negatively impact BMD in men and women (65,68-72). A rapid weight 
reduction of 40 to 45 kg over the first year post-operatively, corresponded to 
BMD loss in the TB (3%), lumbar spine (3 to 7%), femoral neck (9 to 10%), and 
total hip (8 to 10%).  
In fully breastfeeding overweight postpartum women, there are only two 
studies that have investigated the effects of weight loss on body composition, 
and no studies to date on the effects on BMD. Lovelady et al. (73) investigated 
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the effects of a ten week, 500 calorie per day reduction in dietary intake plus 
aerobic exercise on body composition in overweight exclusively breastfeeding 
postpartum women. The diet plus exercise group lost more weight and fat mass 
compared to the control group. There were no statistical differences between 
changes in fat-free mass. McCrory et al. (74) compared the effects of a 35% diet 
deficit to a combined diet plus aerobic exercise deficit of 35% on body 
composition. Both groups lost weight, but the diet group lost more fat-free mass 
whereas the diet plus exercise group lost more fat mass. These two studies had 
no adverse affects on infant growth (weight or length) or on breast milk 
composition and volume (73-74) [Table 2.3].  
Another study in postpartum women (breastfeeding and formula feeding) 
examined a structured diet and physical activity compared to a lifestyle 
intervention on weight retention (75). The study began around the 13th week 
postpartum and followed the women until one year postpartum. The structured 
diet group was prescribed a specific diet plan and individualized moderate 
exercise prescription. Both groups consumed around 1800 kcal/d, but the 
structured diet and physical activity group lost more body weight (-5.6 kg) and 
more weight from fat mass (-5.9 kg) compared to the lifestyle group [Table 2.3]. 
The study did not examine the effect of weight loss on BMD nor stratified the 
participants by infant feeding status. Additionally, the diet and exercise program 
was not defined.  
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 In summary, moderate weight loss from a modest reduction of energy 
(500 kcal/d) leads to a reduction in fat mass while preserving fat-free mass and 
BMD. Additionally, an increase in protein and calcium may provide a protective 
effect on fat-free mass and bone. Extreme weight loss methods (severe energy 
restriction or surgical methods) decrease BMD regardless of exercise. 
Furthermore, moderate energy restriction in overweight lactating women is a safe 
method to promote weight loss without adverse effects on breastmilk or infant 
development. However, no studies have looked at the effect on BMD. 
Hormonal Response during Lactation (Prolactin and Estradiol) 
and Effects on BMD 
 The primary functions of prolactin are to initiate breast development and 
maintain lactation. Prolactin levels rise 10 to 20 times above normal (<20 µg/L) 
during pregnancy, and in non-lactating women decline to normal levels by 3 to 4 
weeks postpartum. Breastfeeding mothers maintain high levels of prolactin, 
which slowly decline over the course of lactation (Table 2.4). Suckling induces 
the release of prolactin from the anterior pituitary gland, which inhibits 
hypothalmic gonadotropin releasing hormone pulse center (Figure 2.1). The 
inhibition suppresses leutenizing hormone and follicle stimulating hormone 
leading to low estradiol (70-300 pmol/L) and progesterone levels (2). Additionally, 
prolactin and suckling stimulate the production and release of parathyroid 
hormone related protein (PTHrP) from the mammary glands.
 
 
 
 
Table 2.4. Estradiol and Prolactin Concentration during Lactation 
 
Study Subjects mean (SD) Estradiol (pmol/L) Prolactin (µg/L) BMD during Lactation Comments 
Krebs  
et al, 1997 (18) 
L = 26  
NL = 8 (controls) 
Wean =15 
Age 31 yrs 
Parity 1.7 (1) 
BMI 21.6 (2.0) kgm-2 
2 wks    300  
12 wks  150  
20 wks  140  
28 wks  150  
Postwean.  
(15 mo.PP) 200  
2 wks    140  
12 wks  65 
20 wks  50 
28 wks  40 
Postwean.  
(15 mo. PP) <20 
(L2-L4)BMD 
2 wks to 12 wks PP =  -4%  
 
Postwean. return to baseline 
E2 and Prolactin concentrations 
extrapolated from graphs (actually 
values were not reported). 
E2: RIA (Coat-A-Count) 
Prolacatin: IRMA-count 
BMD: DPA (DP3; Norland) n=10; 
DXA (DPX; Lunar) n=11; DPA 
and DXA n=14 
Holmberg-
Marttila  
et al, 2003 (8) 
L = 32 
Wean = 1 mo. resumption 
menses  
Age 31 yrs  
Mixed lactation (exclusive 
lactation avg. 3mo., 
duration 5.7(2.9) mo. N=11 
at return of menses) 
Parity 1 to 4 
Prev. lactation 10.6(6.3) 
mo. 
12wks    
100  
Postmenses (5.7mo.) 
130  
1 yr post menses  
110  
Not measured (L2-L4) BMD 
Delivery to menses:     
-1.8(4.3)%, p=0.02 
1 yr F/U: 3.2(4.2)%, p<0.001 
(full recv) 
FN BMD 
Delivery to menses:   
-3.1(4.2)%,  p<0.001   
1 yr F/U: -0.9(2.4)%, p=0.03 
(partial recovery)      
E2: RIA assay (Sorin Biomedica, 
Italy) 
BMD: DXA (XR-26, Norland) 
Sowers 
 et al, 1993, 
1996, 1998 
(14,25,76) 
 
N = 100 stratified by 
lactation status and time 
(BF = providing 2/3rd of EER 
per kg of infant wt, partial 
BF and FF) 
Age 29.3 
BMI 24.9 
2 wks (n=88)  68 
8 wks (n=75)  99 
16 wks (n=70) 117 
24 wks (n=64) 125 
52 wks (n=2)  77 
72 wks (n=0) 
2 wks (n=88)  160 
8 wks (n=75)  100 
16 wks (n=70) 60 
24 wks (n=64) 40 
52 wks (n=2)  20 
72 wks (n=0) 20 
LS (BF >6mo.)-5.1% 
FN (BF>6mo.) -4.8% 
 
Postwean. Return to baseline 
value 
Prolactin concentrations 
extrapolated from graphs (actually 
values were not reported). 
E2: RIA (Pantex, Santa Monica, 
CA) 
Prolactin: two-site 
chemiluminometric immunoassay 
BMD: DXA (DPX-L; Lunar) 
Ritchie et al, 
1998 (20) 
N = 14 (N =10 excl. BF, 
N=2 25% total milk vol; N=2 
80% total milk vol.) 
Age 29.4(2.3); BMI 
22.4(2.7) 
Duration of L 12(10) mo. 
Duration of PP amenorrhea 
8(3) mo. 
6-10wks   
250 
Postmenses [5(2)mo.] 
440  
Not measured LS BMD: prepreg value  to 6-
10wks PP = -9% (p<0.001) 
 
Postwean. return to prepreg 
value 
E2: RIA (Diagnostic Products 
Corp,LA) 
BMD: DXA (DPX; Lunar) 
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Study Subjects mean (SD) Estradiol (pmol/L) Prolactin (µg/L) BMD during Lactation Comments 
Little and 
Clapp, 1998 
(11) 
N=20 (C n=9, EX  n=11.)  
Age: C 34(5)., EX 31(4), NS  
BMI C 26.1, EX 23.5, NS 
Parity= C 1(1). EX 2(1), NS  
EX = self-reported 
BF > 3mo. PP.  
EX 12wks 170.6 
CG 12wks 158.4 (NS) 
 
Not measured (L2-L4) BMD: CG -5.4%, EX 
- 4.1%, NS  
FN BMD:CG -2.7%, EX  -
2.8%, NS  
E2: RIA (Diagnostic Products, LA) 
BMD: DXA (Lunar DPX) or 
(Hologic QDR 2000) 
L = # of participants lactating; NL = # of participants not lactating; BMI = body mass index; BF = breastfeeding; EX = exercise; C = control; PP = postpartum; DPA = dual-
photon absorptiometry; DXA = dual energy x-ray absorptiometry
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200 to 400 mg per day of 
Calcium
 
GnRH, gonadatropin releasing hormone; LH, lutenizing hormone; FSH, follicle stimulating 
hormone; PROG, progesterone; PTHrP, parathyroid hormone related peptide; Ca2+, calcium. 
 
“ With kind permission from Springer Science+Business Media: Journal of Mammary Gland 
Biology and Neoplasia,  Calcium and Bone metabolism during pregnancy and lactation, 2005, 
113, Christopher S Kovacs, Figure 4: The role of the breast in controlling skeletal 
demineralization during lactation, (c) 2005.”  
 
Figure 2.1. Prolactin (PRL) and Estradiol (E2) Response during Lactation 
and the Effects on Bone [adapted from Kovacs 2005 (2)] 
 
PTHrP, combined with systemically low levels of estradiol, up-regulate maternal 
bone resorption and increase renal conservation of calcium (2,9). The increased 
calcium in the blood stream is actively pumped into the breastmilk for the infant. 
This mechanism is different compared to postmenopausal women, who are also 
in an estrogen deficient state (0-100 pmol/L). The low levels of estradiol increase 
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skeletal resorption and decrease parathyroid hormone which increases the renal 
conservation of calcium (2).  
The peak rate of bone loss during lactation is 1-3% per month, whereas 
the rate of loss during menopause is 1-3% per year (1-2). The bone loss from six 
months of lactation is equivalent to 2 years of bone loss during menopause. 
Krebs et al. (18) followed 26 lactating women for 7 months, with 15 women 
returning at 15 months postpartum to examine changes in estradiol, prolactin and 
lumbar spine BMD. Levels of prolactin at 2 weeks postpartum were around 140 
µg/L and gradually declined to less than 20 µg/L by 15 months postpartum. 
Estradiol levels at 2 weeks postpartum were still high from pregnancy (300 
pmol/L), but declined and stabilized over the 7 months of lactation (150 pmol/L). 
By 15 months postpartum the women had resumed normal menses and levels of 
estradiol increased (200 pmol/L). During the first 3 months of lactation, a 4% loss 
was seen in lumbar spine BMD. Lumbar spine BMD levels returned to baseline 
values upon weaning and resumption of menses (15 months postpartum). Similar 
results were seen in other studies [Table 2.4] (8,11,20,76). 
 Lactation-induced bone loss is usually reversed with weaning (decrease in 
prolactin levels) and resumption of normal menses (increase in estradiol). The 
amount of lactation-induced bone loss may be related to milk volume (9), 
duration of lactation and postpartum amenorrhea (4). Additionally, not all women 
return to prepregnancy BMD levels after weaning and resumption of menses 
(8,15,17,20). Exercise in eumenorrheic women increase prolactin level, however 
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the increase for prolactin during exercise is below the levels seen during lactation 
(77). 
Hormonal Response from Chronic Exercise (GH, IGF-1, IGFBP-3) and 
Effects on BMD 
 The primary role of anabolic hormones, such as human growth hormone 
(hGH) and insulin-like growth factor-1 (IGF-1), are tissue growth and bone 
remodeling (Figure 2.2). hGH is released from the anterior pituitary gland into the 
bloodstream in a pulsatile manner under the regulatory control of hypothalamic 
somatostatin and hGH-releasing factor. 
 
 
“Date 4 May 2009(2009-05-04), Source All used images are in public domain. Author Mikael 
Häggström, Permission: I, the copyright holder of this work, hereby release it into the public 
domain. This applies worldwide.In case this is not legally possible: I grant anyone the right to use 
this work for any purpose, without any conditions, unless such conditions are required by law.” 
 
Figure 2.2. The Response of Human Growth Hormone (hGH), Insulin-like 
Growth Factor- 1(IGF-1), and Insulin-like Growth Factor Binding Protein-3 
(IGFBP-3) During Exercise [adapted with permission from (103)] 
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Most anabolic actions are thought to be mediated through hGH-dependent 
production of insulin-like growth factors (IGF-1) and their associated binding 
proteins (IGFBP-3) (78-80). IGF-1 increases amino acid uptake by muscle 
tissues, increasing protein synthesis therefore increasing muscle mass (78). IGF-
1 binds to receptors on osteoblasts to decrease bone resorption and promote 
bone remodeling through inhibition of the parathyroid and PTHrP receptors (81). 
IGF-1 is also involved in one of two negative feedback loops to inhibit further 
release of hGH from the anterior pituitary gland. Exercise counteracts the 
negative feedback to allow for continued secretion of hGH (79-80).  
Acute bouts of aerobic and resistance exercise in eumenorrheic women 
have been shown to stimulate hGH production post exercise and may increase 
IGF-1 (82-83). However, the magnitude of hGH increase is related to duration 
and intensity of exercise (82-83) but continuous versus intermittent exercise was 
found to be equally effective (84). Kraemer et al. (85) found 6 sets of 10 
repetition maximum (RM) squats increased the immunoreactive fraction (<30 
kDa) of hGH but not the biological active fraction (30-60 kDa). In an earlier study, 
Kraemer et al. (83) found no significant increase in IGF-1 regardless of 
resistance protocol in nine eumenorrheic women. Additionally, there was no 
correlation between hGH and IGF-1.  
 Chronic aerobic exercise has shown to increase hGH in women 
depending on intensity of training (77,82,86). Circulation of IGF-1 levels may not 
increase with exercise training despite the increase in hGH secretion from the 
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pituitary, but rather the increase may be localized to the muscle from an 
autocrine response (87). Weltman et al. (86) examined the effect of running 35 to 
40 miles per week for one year on hGH levels in 21 untrained eumenorrheic 
women. The women who trained above lactate threshold increased hGH 
secretion and had an amplified pulsatile release of hGH at rest. Tworoger et al. 
(77) found no association between physical activity and IGF-1 and IGFBP-3 in 
premenopausal women. IGF-1 levels may increase in young women and may 
potentially be correlated to fat-free mass and maximal oxygen consumption, but 
more research is needed (82).  
Chronic resistance training has little influence on resting levels of hGH in 
women regardless of age (82). Kraemer et al. (85) found a 24 week resistance 
program (6 sets 10 RM) had little effect on changing the immunoreactive fraction 
of hGH (<30kDa), but increased the circulating concentration of biologically 
active GH (30-60kDa). Additionally, resistance training has been found to 
increase IGFBP-3 levels, which helps protect IGF-1 from degradation, thus 
decreasing free IGF-1 (88). 
There is a paucity of literature determining the effects of chronic aerobic 
and resistance training in women on anabolic hormones. The results are 
equivocal and may depend on a number of factors such as age, fat mass or fat-
free mass, estradiol levels, and exercise stimulus (78-80,82-83). The role of diet 
may impact levels of serum IGF-1 and IGFBP-3 levels (89). In regards to 
postpartum women, there are no studies to date that have examined the effects 
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of exercise on anabolic hormones. A chronic exercise program may increase 
hGH and IGF-1 and given the role in bone metabolism, may ultimately influence 
BMD in lactating women.  
Use of MyPyramid for Dietary Counseling 
 The internet offers a valuable resource for promotion of healthy eating and 
web-based communication between the practitioner and client (90). The recent 
launch of MyPyramid Menu Planner (March 2008), MyPyramid for Pregnancy 
and Breastfeeding for Moms (August 2008), and recently in 2009 MyPyramid 
Menu Planner for Moms (a combination of the two previous sites) (91) offers a 
unique opportunity for internet based dietary counseling to help achieve a 
healthier diet.  
MyPyramid Menu Planner for Moms interactively notes how well the diet 
meets the MyPyramid recommendations, both graphically and by text, through 
translation of foods into MyPyramid food groups (92). Based off menu modeling 
(93), MyPyramid Menu Planner provides suggestions on ways to meet 
recommended levels in areas where the diet falls short and tracks changes 
throughout a seven day period. It allows opportunity for a food and nutrition 
professional to determine whether a participant’s diet over a seven day period 
meets MyPyramid food group recommendations for their energy intake and food 
choices. Additionally, it allows for immediate tailoring of dietary counseling. 
The American Dietetic Association recommends using a total diet 
approach for dietary counseling (94). Coupled with a focus on education of better 
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choices within each of the MyPyramid food group versus overall servings (95), 
MyPyramid Menu Planner for Moms offers a unique approach to dietary 
counseling. To date there are no published studies that have used MyPyramid 
Menu Planner as a dietary counseling tool.  
Summary of Literature Review 
 Lactation-induced bone loss is usually reversed with weaning and 
resumption of normal menses. However, BMD does not return to pre-pregnancy 
levels in all women. In addition, there is a concern that lactation-induced bone 
loss may increase a women’s risk of osteoporosis during lactation or after 
menopause. The amount of bone loss may be related to milk volume, duration of 
lactation and postpartum amenorrhea making breastfeeding a safe feeding 
choice for the infant and the mother.  
 Weight bearing aerobic and resistance exercise may be protective of bone 
density and preserve lean body mass during periods of weight loss. However, 
further research is needed to investigate the effects of aerobic and resistance 
exercise in lactating postpartum women. Moderate energy restriction in 
overweight lactating women is a safe method to promote weight loss without 
adverse effects on breastmilk or infant development. Additionally, MyPyramid 
Menu Planner for Moms (96) offers a unique opportunity for internet based 
dietary counseling to help achieve a healthier diet.  
Therefore the purpose of this research was twofold. The first study 
describes changes in markers of bone turnover and hormones and their 
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association with changes in BMD in exercising breastfeeding women. The 
second study examines the effects of energy restriction and exercise on body 
composition (fat and lean mass, as well as BMD) in overweight lactating women, 
and the use of MyPyramid Menu Planner for Moms (96) for dietary counseling. 
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CHAPTER III 
 
CHANGES IN MARKERS OF BONE TURNOVER AND HORMONES AND 
THEIR ASSOCIATION WITH CHANGES IN BONE MINERAL DENSITY IN 
EXERCISING BREASTFEEDING WOMEN 
(formatted for publication in the Journal of Bone Mineral Research) 
 
 
Introduction 
 
 Approximately 10 million Americans have osteoporosis, of which 8 million 
are women (1). Additionally, one out of two women over the age of 50 will have 
an osteoporotic-related fracture in their lifetime. An estimated 1.5 million fractures 
that occur annually: over 300,000 in the hip and 700,000 in the spine. Direct 
medical costs for osteoporotic-related fractures are as much as $19 billion per 
year (2005 dollars). By 2025 experts predict costs to rise to approximately $25.3 
billion (1). Improving bone health earlier in life may help reduce the financial 
burden and improve quality of life in later adulthood. 
Lactation is a time of rapid bone loss due to hyperprolactinemia, 
amenorrhea, and increased bone turnover. During peak lactation women transfer 
approximately 200 mg of calcium per day into breast milk (2-4). In order for the 
body to meet the extra demands for calcium during lactation, bone resorption 
increases, which increases calcium in the blood to be actively pumped into the 
breast milk for the infant (3-4). This loss of maternal calcium over a six-month 
period is equivalent to approximately a 4% loss in skeletal reserve with 1-10% 
bone density lost at trabecular rich sites (lumbar spine and hip) (5). Rapid 
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decreases in bone measured by changes in bone mineral density (BMD) or an 
increase in biochemical markers of bone turnover may indicate fracture risk. An 
increase in bone markers (resorption and formation) are a more sensitive 
indicator o bone remodeling sites than changes in BMD measured by dual 
energy x-ray absorptiometry (DXA) (6). 
 Lactation-induced bone loss is usually reversed with weaning (decrease in 
prolactin levels), resumption of normal menses (increase in estradiol), and 
elevated bone formation with normal bone resorption, making breastfeeding a 
safe feeding choice for the infant and the mother (3,7-10). However, there is a 
concern that lactation-induced bone loss may increase a women’s risk of 
osteoporosis during lactation or after menopause; particularly in women with low 
bone status prior to pregnancy such as adolescent mothers or women who have 
their children later in life (11-12). 
Weight bearing exercise in non-pregnant, non-lactating women with 
normal estrogen status has been shown to increase BMD in the lumbar spine 
and hip by increased mechanical stress on bones (13-15). Studies in 
postmenopausal women (not on hormone replacement therapy) found weight 
bearing aerobic and resistance exercise to be protective of bone density (14,16-
18). Exercises need to be site specific and direct force into the bone to induce 
bone growth (17,19-22). 
There is limited research on the benefits of exercise or physical activity on 
bone density in women during lactation. To date, three published studies have 
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directly addressed exercise during the postpartum period with respect to 
attenuation of lactation-induced bone loss (23-25). The changes in bone density 
observed in two of the studies (23-24) were similar to bone density changes 
reported in the literature for non-exercising lactating women (26-30). However, 
both studies were less than 3 months in length and lacked a structured exercise 
intervention. The third study (25), reported attenuation of the loss of lumbar spine 
BMD with a 16 week walking and resistance exercise program. No effect was 
seen in total body or hip BMD.  
The results of studies determining the effects of chronic aerobic and 
resistance training in women on anabolic hormones are equivocal and may 
depend on a number of factors such as age, fat mass or fat-free mass, estradiol 
levels, and exercise stimulus (31-35). Acute bouts of aerobic and resistance 
exercise in eumenorrheic women have been shown to stimulate human growth 
hormone (hGH) production post exercise and may increase insulin-like growth 
factor-1 (IGF-1) (31,35). However, the magnitude of hGH increase is related to 
duration and intensity of exercise (31,35-36). Chronic aerobic exercise has been 
shown to increase hGH in women depending on intensity of training and IGF-1 
levels may or may not be affected (31,37-38). In regards to postpartum women, 
there are no studies to date that have examined the effects of exercise on 
anabolic hormones. A chronic exercise program may increase hGH and IGF-1, 
and given their roles in bone metabolism, may ultimately influence BMD in 
lactating women.  
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 We previously reported that exercise training resulted in significant 
attenuation of lactation induced bone loss in lumbar spine BMD, compared to a 
sedentary lifestyle (25). Further expanding on the results previously reported, the 
first aim of this paper was to describe the changes in dietary intake, bone 
turnover markers, hormones related to lactation and exercise, and bone (density, 
content, and area) during lactation in women whom had undertaken resistance 
exercise as compared to sedentary controls. The second aim was to determine if 
exercise, dietary intake, bone turnover markers, and hormones significantly 
predict changes in BMD. 
Methods 
Participants 
 Participants were recruited through prenatal classes and flyers posted at 
local obstetrician’s offices. To be eligible for the study, women were between the 
ages of 25 to 40, had a self-reported body mass index (BMI) between 20 and 30 
kg/m2, were fully breastfeeding (< 4 oz of formula given to the infant only on 
occasion), sedentary for the past 3 months (< 3 weekly sessions of moderate 
aerobic activity), non-smokers, and had a singleton birth. Exclusion criteria for 
the study were delivery by cesarean section, have medical complications where 
exercise was contraindicated, or a disease that would affect hormone levels. All 
eligible participants signed a written informed consent and obtained medical 
clearance prior to admission into the study (Appendix A). Sample size was based 
on previous studies that examined bone loss during lactation (23-24). A final 
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sample size of 20 (10 per group) was estimated to provide power to detect a 10% 
difference in change in lumbar spine BMD between groups. 
Randomization into either the intervention group or control group occurred 
upon the completion of all baseline measurements. Randomization was stratified 
by parity, since higher prolactin levels are likely in primiparous compared to 
multiparous women. The study protocol was approved by the Institutional Review 
Board of The University of North Carolina at Greensboro. 
 Laboratory measurements at 3+1 (baseline) and 21+1 (endpoint) weeks 
postpartum included: height, weight, blood draws for hormones and bone 
turnover markers, cardiovascular fitness testing, two 24-hour dietary recalls, 
bone density, and body composition. Predicted maximal oxygen consumption 
(VO2max) was determined using a submaximal treadmill test- modified Balke 
protocol (39). Maximal strength was determined using the 1-repetition maximum 
method for the ten strength exercises used for the intervention. Dietary recalls 
were determined by two 24-hour recalls over the telephone using the Nutrient 
Data System for Research (NDSR, University of MN) software. Bone area, 
mineral concentration and density were measured using dual-energy x-ray 
absorptiometry (DXA, Delphi by Hologic, Version 12.3, Bedford, MA). A detailed 
description of the laboratory measurements, dietary recall, and DXA protocol was 
described previously (25).  
 
 
60 
 
 
 
Assessment of Bone Turnover Markers and Hormones 
 Serum and urine samples were collected at baseline and endpoint for 
analysis of bone turnover markers and hormones. A trained phlebotomist drew 
blood at the same time each morning after an overnight fast to control for diurnal 
variation. Serum samples were frozen (-70oC) until analyzed. Urine (second void) 
was collected in the morning on the day of the visit to the lab into a sterile 
collection cup. Urine was frozen at -70oC until analyzed.  
Urine was collected for analysis of pyridinium crosslinks (PYD) 
[deoxypyridinoline and pyridinoline], a bone resorption marker (Metra PYD EIA 
kit, Quidel Corporation, San Diego, CA). Pyridinium crosslinks were corrected for 
urine concentration by measurement of creatinine (mmol/L), which was 
measured by a standard colorimetric (alkaline picric acid) assay (Oxford 
Biomedical Research, Oxford, MI). Serum was used to analyze bone-specific 
alkaline phosphatase (BAP), a bone formation marker (Metra BAP EIA kit, Quidel 
Corporation, San Diego, CA).  
Serum prolactin, estradiol, human growth hormone (hGH), insulin like 
growth factor-1 (IGF-1) and insulin-like growth factor binding protein-3 (IGFBP-3) 
were quantified by enzyme-linked immunosorbent assays (ELISA) (prolactin and 
estradiol- Alpco Diagnostics, Salem, NH; hGH- Diagnostic Systems Laboratory, 
Webster, TX; IGF-1 and IGFBP-3 Immunodiagnostics Systems Limited, UK). All 
samples were thawed once and analyzed in duplicate. Additionally, samples for 
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both time points for each participant were analyzed in the same assay to 
eliminate inter-assay variability.  
Study Intervention 
 Participants walked briskly for 15 minutes initially, then gradually 
increased their duration to 45 minutes at an intensity of 65-80% of predicted 
heart rate maximum, three days per week. The intervention also included three 
days per week of a progressive resistance exercise program. Research 
assistants traveled to the mother’s home to help with childcare and the exercise 
protocol (Appendix A). The control group was asked to refrain from structured 
exercise and both groups were instructed to maintain their normal dietary intake. 
Both groups received multivitamin supplements that contained 100% of the RDA, 
including 400 IU of vitamin D and 400 mcg of folic acid (Appendix A). No mineral 
supplements were provided and participants did not consume any other 
supplements. 
Statistical Analysis 
 Data were analyzed using JMP software (v.6.0.0 SAS Institute Cary, NC). 
Student’s t-test was used to test significance between the control and exercise 
group for baseline characteristics. Repeated measures analysis of variance 
(RMANOVA) was used to determine differences in dietary intake (energy, 
protein, calcium, vitamin D, and macronutrient composition), bone turnover 
markers (PYD and BAP), hormones (estradiol, prolactin, hGH, IGF-,1 and 
IGFBP-3), and bone (BMD, bone mineral content- BMC, and area) between 
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groups during the 16 week study. Results are reported as mean (standard 
deviation-SD), significance set at p < 0.05.  
 In order to determine if exercise, parity, dietary intake, bone turnover 
markers, and hormones were related to changes in BMD (total body, lumbar 
spine, and hip), bivariate analysis was performed. Then stepwise regression was 
performed to determine significant predictors for change in BMD (total body, 
lumbar spine, and hip), controlling for parity (primi or multi) and baseline values 
for BMD (total body, lumbar spine, and hip, respectively). The independent 
variables used to predict changes in BMD were group (control or exercise), 
dietary intake, changes in bone turnover markers (PYD and BAP), and changes 
in hormones (estradiol, prolactin, hGH, IGF-1, and IGFBP-3). Independent 
variables and covariates with p > 0.10 were removed and a final model was 
constructed using standards of least squares. The final significance was p < 0.05. 
Results 
 Twenty-four fully breastfeeding women completed baseline measurements 
[3.6 (0.6) weeks postpartum] and were randomized, stratified by parity, to receive 
either a 16-week aerobic and resistance exercise program (exercise n=11) or 
minimal care (control n=13). During the 16-week study, four women dropped out 
of the study (exercise n=1; control n=3) because they returned to work and were 
no longer able to fully breastfeed. Ten women in each group completed the 
endpoint measurements [20.8 (1.3) weeks postpartum]. At baseline, the mean 
age of the control group was 31.6 (2.8) years with a body mass index (BMI) of 
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24.8 (2.9) kg/m2 compared to 31.1 (3.0) years with a BMI of 26.1 (3.3) kg/m2 for 
the exercise group. There were 6 multiparous and 4 primiparous women in the 
control group and five of each in the exercise group. There were no significant 
differences in baseline characteristics (pre-pregnancy weight, age, BMI, and 
parity) between groups. Baseline characteristics were not statistically different 
between the four women who did not complete the 16-week study compared to 
the 20 women who did complete the study. All of the women were Caucasian, 
except for the two who were African American and Asian.  
Changes in Dietary Intake 
 Both groups significantly reduced energy intake during the 16-week study, 
p = 0.005 (see Table 3.1). This resulted in a weight loss of -3.5 (1.6) kg in the 
control group and -3.6 (2.5) kg in the exercise group (non-significant between 
groups, p = 0.9). There were no significant differences between groups for 
reported intakes of energy, protein, calcium, and vitamin D. None of the women 
reported use of calcium supplements during the intervention. However, there was 
a significant difference in percent macronutrient composition between the two 
groups. The control group had a higher percentage of energy from carbohydrates 
at baseline [52.6 (5.9)%] and a lower percentage of carbohydrates at endpoint 
[45.5 (7.2)%], p = 0.03, compared to the exercise group [51.3 (8.1)% and 51.5 
(7.4)%, respectively]. Percentage of energy from protein was lower at baseline 
and higher at endpoint, p = 0.005, in the control group compared to the exercise 
group. The percentage of energy from fat remained the same in both groups.  
 
 
 
 
Table 3.1. Reported Dietary Intake of Exercising and Sedentary Groups 
                  
 
 Control Group Exercise Group 
     
  Baseline Endpoint Baseline Endpoint 
  (n=10) (n=10) (n=10) (n=10) 
       
Energy 
 kcal a 2112 (510) 1690 (375) 2109 (556) 1923 (394) 
 kcal/kg a 31.0 (6.6) 26.0 (3.0) 31.3 (9.0) 30.6 (9.0) 
Percent Energy From 
 Carbohydrate b 52.6 (5.9) 45.5 (7.2) 51.3 (8.1) 51.5 (7.4) 
 Protein b 14.3 (2.6) 19.1 (3.2) 16.8 (4.2) 15.7 (3.6) 
 Fat 34.8 (4.5) 36.9 (4.8) 33.3 (5.3) 34.1 (5.8)  
Protein 
 g 74.0 (15.6) 78.9 (13.2) 86.6 (20.0) 75.3 (23.5) 
 g/kg 1.1 (0.2) 1.2 (0.2) 1.3 (0.3) 1.2 (0.4) 
Calcium(mg)   1125 (380) 949 (352) 1360 (555) 1209 (563) 
Calcium : Protein Ration  15.2 (3.5) 12.2 (4.5) 15.8 (6.1) 15.3 (5.3) 
Vitamin D (mcg)   4.3 (2.1) 4.5 (1.4) 6.3 (3.1) 6.4 (3.9) 
                  
 
Mean (SD) 
a Significantly decreased over time, p<0.05, RMANOVA 
b Significantly different between groups, p<0.05, RMANOVA 
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Changes in Bone Turnover Markers and Hormones 
 Data for bone turnover markers (PYD and BAP), lactation hormones 
(prolactin and estradiol) and the hormones affected by exercise (GH, IGF-1, and 
IGFBP-3) for the control and exercise group at baseline and endpoint are 
presented in Table 3.2. PYD levels decreased significantly over time in both the 
control and exercise group (p = 0.0004); whereas, BAP increased in the control 
group and decreased in the exercise group. This was significant over time (p = 
0.03), but not by group (p = 0.08). The ratio of BAP: PYD increased in both 
groups significantly over time, p = 0.002, but was not different between the 
groups (p = 0.7). 
Prolactin levels decreased significantly in both groups during the 16-week 
intervention [control group -93.0 (62.2) µg/L and exercise group -73.1 (52.4) 
µg/L], p = 0.0001. Estradiol levels were not significantly different over time or 
between groups (p = 0.1). Two women (one in each group) resumed their 
menses during the intervention. Additionally, three women in the control group 
and five in the exercise group started hormonal birth control (progesterone-only 
pill or IUD). 
After the intervention, GH levels in the exercise group increased [2.0 (5.6) 
µg/L] whereas the control group decreased [-1.2 (3.1) µg/L]; however, the 
difference was not significant between groups or over time (p = 0.1). IGF-1 and 
IGFBP-3 levels remained stable in both groups. 
 
 
 
 
 
Table 3.2. Bone Turnover Markers and Hormones of Exercising and Sedentary Groups 
                  
 Control Group Exercise Group 
     
  Baseline Endpoint Baseline Endpoint 
  (n=10) (n=10) (n=10) (n=10) 
       
BAP (U/L) a  25.1 (8.6) 28.3 (7.0) 32.0 (6.6) 31.6 (7.9) 
PYD (nmol/mmol creatinine) a  89.0 (39.5) 41.7 (17.1) 77.2 (35.6) 33.8 (13.5) 
BAP:PYD a  0.3 (0.1) 0.8 (0.3) 0.5 (0.2) 1.0 (0.3) 
      
Estradiol (pmol/L) 150.6 (68.0) 141.8 (94.4) 88.5 (35.3) 124.6 (56.4) 
Prolactin (µg/L) a 160.0 (75.7) 67.0 (29.1) 135.9 (45.5) 62.8 (30.1)  
      
hGH (µg/L)  2.2 (2.7) 1.0 (1.6) 2.0 (2.7) 4.0 (4.7) 
IGF-1 (µg/L) 93.6 (14.2) 106.1 (31.2) 104.9 (15.8) 108.8 (23.5) 
IGFBP-3 (µg/L)  3797 (408) 3922 (1048) 4274 (1631) 4307 (2225) 
      
BAP = Serum Bone-specific alkaline phosphatase; PYD = urine pyridinium crosslinks; hGH = human growth hormones; IGF-1 = insulin-
like growth factor-1; IGFBP-3 = insulin-like growth factor binding protein 3   
Mean (SD)  
a Significantly different over time, p<0.05, RMANOVA
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Changes in Bone 
 The 16-wk exercise intervention was successful in attenuation of the loss 
of lumbar spine BMD in the exercise group compared to the control group (-4.8% 
vs. -7.0%, p = 0.01). Both groups significantly decreased total body BMD [control 
group -0.8 (0.8)% and exercise group -0.6 (1.2)%, p = 0.03] and total hip BMD 
[control group -2.2 (2.9)% and exercise group -2.8 (2.4)%, p = 0.02] during the 
16-week exercise intervention (see Table 3.3). Bone mineral content (BMC) 
decreased significantly over time in both the total body (p = 0.007) and lumbar 
spine (p < 0.001). There was no difference in hip BMC over time or between 
groups. However, the control group lost more lumbar spine BMC compared to 
the exercise group [-7.1 (2.2)% versus -4.0 (1.9)%, respectively, p = 0.004]. 
There were no significant changes in area for the total body, lumbar spine, or hip. 
Bivariate Relationships 
 Four-day averages (2 days at baseline and 2 days at endpoint) of dietary 
intake (energy, protein, calcium, and vitamin D) were used to determine bivariate 
relationships. The four-day average dietary calcium intake was highly correlated 
with the 4-day average dietary protein intake (R2 = 0.75, p = 0.0001), 4-day 
average dietary energy intake (R2 = 0.62, p = 0.003), and 4-day average dietary 
vitamin D intake (R2 = 0.92, p < 0.0001). Since the 4-day average dietary calcium 
intake was highly correlated with other dietary intake variables and to reduce the 
number of predictor dietary variables, only the four-day average dietary calcium 
intake was used to determine bivariate relationships with bone and in the 
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prediction model. The 4-day average dietary calcium intake was not significantly 
different between the control group [1037 (279) mg] and exercise group [1285 
(503) mg]. 
 
Table 3.3. Bone Mineral Density of Exercising and Sedentary Groups 
             
 Control Group  Exercise Group 
         
 Baseline  Endpoint  Baseline  Endpoint  
 (n=10)  (n=10)  (n=10)  (n=10) 
             
Total Body      
 BMD (g/cm2) a 1.070 (0.091) 1.061 (0.085) 1.094 (0.079) 1.087 (0.071) 
 BMC (g) a 2093 (85) 2064 (85) 2105 (90) 2076 (92) 
 Area (cm2) 1954 (51) 1943 (53) 1919 (46) 1904 (50) 
Lumbar Spine      
 BMD (g/cm2) b 1.071 (0.113) 0.996 (0.104) 1.053 (0.129) 1.002 (0.120) 
 BMC (g) b 62 (3) 58 (3) 59 (4) 57 (3) 
 Area (cm2) 58 (2) 58 (2) 56 (2) 56 (2) 
Total Hip      
 BMD (g/cm2) a 0.952 (0.116) 0.929 (0.098) 0.957 (0.099) 0.931 (0.098) 
 Hip BMC (g) 30 (2) 30 (1) 29 (1) 29 (1) 
 Hip Area (cm2) 32 (1) 32 (1) 31 (1) 31 (1) 
             
 
BMD = bone mineral density; BMC = bone mineral content. 
Mean (SD)  
a Significantly decreased over time, p<0.05, RMANOVA  
b Significantly different over time and between groups, p<0.01, RMANOVA 
 
Four-day average dietary calcium intake and changes in total body BMD 
were significantly correlated (R2 = 0.28, p = 0.02). The correlation between 
changes in estradiol and changes in total body BMD (R2 = 0.28, p = 0.02) was 
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also significant. There were no other significant bivariate correlations between 
the other predictor variables and changes in total body, lumbar spine, or hip 
BMD.  
Prediction Model 
 Models were constructed to determine significant predictors of change in 
total body, lumbar spine, and hip BMD, controlling for parity (primi or multi) and 
baseline values for total body, lumbar spine, and hip BMD, respectively (see 
Table 3.4). The independent variables used to predict change were group 
(exercise or control), four day average dietary calcium intake, change in PYD, 
change in BAP, change in prolactin, change in estradiol, change in hGH, change 
in IGF-1, and change in IGFBP-3.  
While controlling for parity (partial R2 = 0.1, p = 0.05) and baseline total 
body BMD (partial R2 = 0.3, p = 0.004), 4-day average dietary calcium intake 
(partial R2 = 0.25, p = 0.006), change in estradiol (partial R2 = 0.06, p = 0.02) and 
IGF-1 (partial R2 = 0.07, p = 0.04) were significant predictors of change for total 
body BMD (R2 = 0.82, p = 0.0003). Higher calcium intake, increase in estradiol 
and IGF-1 levels predicted a gain in total body BMD. After controlling for parity 
(partial R2 = 0.12, p = 0.01), exercise (partial R2 = 0.33, p = 0.003) and change in 
BAP (partial R2 = 0.23, p = 0.01) accounted for 75% of the variability of change in 
lumbar spine BMD (R2 = 0.75, p = 0.0002). Exercise and an increase in bone 
formation predicted a gain in LS BMD. 
  
 
 
 
 
Table 3.4. Multiple Regression Equations to Predict Changes in BMDa 
                  
 
 Change in TB BMD (g/cm2)  Change in LS BMD (g/cm2) Change in Hip BMD (g/cm2) 
 Predictors β coefficient (SE) β coefficient (SE) β coefficient (SE) 
                  
 
Intercept  0.0348 (0.0201) -0.0328 (0.0297) 0.0832 (0.0465) 
Group:     
 control (reference) - 0 - 
 exercise - 0.0294 (0.0062) d - 
Reference Group *    
4d avg dietary Ca2+ intake (mg/d) 1.76E-05 (3.91E-060.0) c - - 
Change in BAP (U/L) - 0.0021 (0.0007) c - 
Change in Estradiol (pmol/L)  6.68E-05 (2.47E-05) b - - 
Change in hGH (µg/L)  -0.0006 (0.0003) - - 
Change in IGF-1 (µg/L) 0.00015 (6.43E-05) b - - 
    
Covariates    
Parity:     
 primiparous(reference) 0 0 0 
 multiparous 0.0062 (0.0028) b 0.0156 (0.0056) c 0.0214 (0.001) b 
 Baseline TB BMD (g/cm2)  -0.0634 (0.0182) c - - 
 Baseline LS BMD (g/cm2)  - -0.0536 (0.0264) - 
 Baseline Hip BMD (g/cm2) - - -0.1256 (0.0485) b 
                  
 
Ca2+ = calcium; BAP = serum bone-specific alkaline phosphatase; hGH = human growth hormones; IGF-1 = insulin-like growth factor-
1BMD = bone mineral density; TB = total body; LS = lumbar spine.   
 
a results are shown only for variables with p < 0.1 for the final model. 
Significant effects in bold: b = p <0.05, c = p < 0.01, d = p < 0.001 
 
*Reference values equal means of total sample (n = 20): 4d avg dietary Ca2+ intake = 1161 mg/d; Change in BAP = 1.444 U/L; Change in 
Estradiol = 13.64 pmol/L; Change in hGH = 0.363 µg/L; Change in IGF-1 = 8.24 µg/L; baseline TB BMD = 1.0815 g/cm2; baseline LS BMD 
= 1.0621 g/cm2; baseline Hip BMD = 0.9548 g/cm2. 70 
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After controlling for parity (partial R2 = 0.16, p = 0.05) and baseline hip BMD 
(partial R2 = 0.22, p = 0.02), there were no other significant predictors of change 
for hip BMD (R2 = 0.38, p = 0.02). Change in prolactin and PYD were not 
significant predictors for change in BMD in the total body, lumbar spine, or hip. 
Discussion 
 This was the first study to describe and compare the changes in bone 
turnover markers, hormones, and BMD in exercising and sedentary women 
during lactation. Although all participants were asked not to change their normal 
dietary habits during the 16 week study, both groups reduced their energy intake, 
which was reflected in the decrease in weight. Calcium and protein intake in both 
groups remained stable during the 16 week study with no differences between 
groups. The four day average dietary calcium (1161 mg/d) intake for both groups 
exceeded the recommended amount of 1000 mg per day. Additionally, none of 
the participants reported use of calcium supplements during the intervention. 
Despite adequate calcium intake, both groups lost BMD in both the lumbar spine 
and hip. These results are comparable to other studies examining the 
relationship of calcium intake and BMD in non-exercising lactating women 
(24,26,28,30,40).  
In addition to a higher dietary intake of calcium, greater increase in 
estradiol and IGF-1 levels were protective of total BMD loss during lactation 
when controlling for parity and baseline values of total BMD. Similar results were 
reported in a study examining bone calcium turnover in women with low calcium 
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diets (41). They also found higher calcium intake and higher levels of IGF-1 
protective against bone loss during lactation.  
During the third trimester of pregnancy, bone resorption levels are 
elevated and bone formation levels are depressed in order to provide minerals to 
the growing fetus (42-44). Bone resorption levels rapidly decrease in the 
postpartum period with a slower increase in bone formation levels, ultimately 
returning to the pre-pregnancy balance (42-44). Lactation induced amenorrhea 
has been associated with low bone formation levels and elevated bone 
resorption levels (10). During the first few months of lactation, the hypoestrogen 
state has a specific influence on bone turnover by reducing levels of markers 
bone formation. Conversely, higher parity and a history of long duration of 
previous lactation were associated with lower bone turnover (10).  
Weight bearing exercise may have a positive effect on increasing markers 
of bone formation and lowering markers of bone resorption (45-49). Changes in 
BAP and exercise were positive significant predictors of change in lumbar spine 
BMD when controlling for parity. Bone loss was attenuated at the lumbar spine in 
the exercise group, despite BAP levels remaining stable. However, the ratio of 
BAP to PYD increased, potentially indicating a slowing of overall bone turnover. 
Additionally, the exercise group consumed a higher level of calcium (although not 
statistically significant), which may help preserve bone mass and turnover during 
periods of weight loss (50-51). 
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Changes in anabolic hormones (hGH, IGF-1, and IGFBP-3) during 
lactation with regards to bone and an exercise intervention have not been 
previously reported. The primary role of hGH and IGF-1 are tissue growth 
(increase in lean body mass) and bone remodeling (increase in bone formation). 
Chronic aerobic exercise has been shown to increase hGH in women depending 
on intensity of training; however, IGF-1 levels may not be affected (31,37-38). 
Circulating levels of IGF-1 may not increase with exercise training despite the 
increase in hGH secretion from the pituitary, but rather the IGF-1 increase may 
be localized to the muscle from an autocrine response (52). Additionally, 
resistance training increases IGFBP-3 levels, which helps protect IGF-1 from 
degradation, thus decreasing free IGF-1 (53). In this study, hGH levels in the 
exercise group increased [2.0 (5.6) µg/L], where as the control group decreased 
[-1.2 (3.1) µg/L], p = 0.10. This sample size was probably too small to detect a 
difference, given the variation in response of hGH. To have enough power (80%, 
alpha = 0.05) would be needed to detect change given the results of this study, a 
sample size of 70 (35 per group). 
Most anabolic affects of hGH are thought to be mediated by IGFs. 
However, there is some direct activation of hGH via the GH receptor and JAK-2 
pathway (33-34) to stimulate proliferation of osteoblasts (54). BAP is specific to 
osteoblasts and bone formation as well as BAP levels tend to rise in response to 
anabolic therapy (55). Given the upregulation of the bone turnover cycle during 
lactation, the stabilization of BAP and IGF-1 with an increase in hGH, there may 
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not have been enough power to detect if hGH played a role in the attenuation of 
the loss of lumbar spine BMD. Despite strength increases by the exercise group 
(25), IGF-1 levels remained unchanged during the intervention; however, an 
increase in IGF-1 was found to be protective of total body BMD loss during 
lactation. 
There were limitations to this study. The first limitation was the small 
sample size; there may not have been enough power to detect differences in 
bone turnover markers and hormones. The final sample size of 20 (10 per group) 
was estimated only to provide enough power to detect change in lumbar spine 
BMD between groups, not hormones or bone turnover markers. The second 
limitation was that we did not measure hGH profiles in response to exercise in 
any of the women, but rather collected a resting (non-stimulated) sample before 
and after the intervention. We recognize that due to the pulsatile nature of hGH 
secretion, a hGH profile over several hours would have been ideal. However, 
given the time constraints of mothers with new infants, we felt that hGH profiles 
would place undue burden on participants. The third limitation was the lack of 
control for time in the menstrual cycle for the endpoint measurement. However, 
only two women (one in each group) resumed their menses during the study. 
Exercise and a higher dietary calcium intake appear to be protective of 
bone loss during lactation, when controlling for parity. Since the lumbar spine is 
comprised of trabecular bone and the exercise program was designed to target 
the lumbar spine and hip, it was not surprising that the exercise program had a 
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positive effect on lumbar spine BMD compared to total body BMD. Additionally, 
an increase in bone formation (BAP) was protective of lumbar spine BMD; 
whereas increased levels of estradiol and IGF-1 were protective of total body 
BMD. These results suggest that exercise and dietary calcium intake influence 
the changes in BMD during lactation. 
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CHAPTER IV 
 
FEASIBILITY OF USING MYPYRAMID MENU PLANNER FOR MOMS IN A 
WEIGHT LOSS INTERVENTION DURING LACTATION 
(formatted for publication in the Journal of the American Dietetic Association, 
Research Brief. Maximum 2 tables allowed) 
 
 
Introduction 
 The internet offers a valuable resource for promotion of healthy eating and 
web-based communication between the practitioner and client (1). The recent 
launch of MyPyramid Menu Planner (March 2008), MyPyramid for Pregnancy 
and Breastfeeding for Moms (August 2008), and recently in 2009 MyPyramid 
Menu Planner for Moms (a combination of the two previous sites) offers a unique 
opportunity for internet based dietary counseling to help achieve a healthier diet 
during the postpartum period (2). 
MyPyramid Menu Planner interactively notes how well the diet meets the 
MyPyramid recommendations, both graphically and by text, through translation of 
foods into MyPyramid food groups (3). MyPyramid Menu Planner provides 
suggestions on ways to meet recommended levels in areas where the diet fails to 
meet the recommended food group amounts and tracks changes throughout a 
seven day period. It allows opportunity for a food and nutrition professional to 
determine whether a participant’s diet over a seven day period meets MyPyramid 
recommendations for their energy intake and food choices. Additionally, it allows 
for weekly tailoring of dietary counseling. As foods are entered into MyPyramid 
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Menu Planner, the respective food groups are captured in a bar graph format. At 
the end of the seven days, a summary report displays how well an individual 
meet the MyPyramid food groups guidelines. 
The goal of this study was to improve total diet or overall pattern of food 
eaten with individual counseling by a registered dietitian using MyPyramid Menu 
Planner for Moms during a 16-week exercise and weight loss intervention 
targeting overweight lactating women beginning at 4 weeks postpartum 
(baseline). We hypothesized, based on menu modeling with individual counseling 
and MyPyramid (4), the intervention group would improve the quality of their 
intake by consuming the recommended amounts of food groups established by 
MyPyramid compared to the minimal care group at 20 weeks postpartum 
(endpoint). To our knowledge, this was the first study to use MyPyramid Menu 
Planner for Moms for dietary counseling using the total diet approach with 
internet based technology. 
Methods 
 Participants for this intervention were part of a study examining the effects 
of exercise and weight loss on bone mineral density during lactation in 
overweight postpartum women. Eligibility criteria were infant’s less than three 
weeks old, mother’s between 23 to 37 years of age, self-reported body mass 
index (BMI) between 25 and 30 kg/m2, fully breastfeeding, less than three weekly 
sessions of structured physical activity for the past three months, cleared by their 
physician to participate in exercise, and agree to randomization. History of 
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smoking in the last six months, cesarean section, medical conditions that affect 
hormone levels or where exercise was contraindicated excluded participation in 
the study. Recruitment was done through local prenatal classes and flyers at 
local obstetrician’s offices. Participants were screened via a telephone interview 
to determine eligibility. Informed consents were signed by eligible participants 
before baseline measurements (Appendix B). The University of North Carolina at 
Greensboro Institutional Review Board approved the study protocol. 
Study Design. The study was a randomized control trial, where participants were 
randomized, stratified by parity, into either an intervention or minimal care group 
after all baseline measurements were completed. The intervention group 
participated in a 16-week exercise and diet intervention from four to 20 weeks 
postpartum. The 16-week exercise protocol consisted of strength training three 
times per week, and walking 10,000 steps or 3,000 aerobic steps per day at least 
five days per week. Additionally, the intervention group was asked to log their 
dietary intake into MyPyramid Menu Planner for Moms at least three times per 
week. To promote safe and healthy weight loss, a registered dietitian worked with 
the participants to reduce their estimated baseline dietary requirements by 500 
kilocalories (kcal) per day. The minimal care group was asked not to participate 
in structured exercise or change their dietary habits for 16 weeks. Standard 
American Heart Association public health information on nutrition was mailed to 
the minimal care group at week five and week eleven of the intervention (5-6). 
Data for the dietary intervention are presented here. 
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Dietary Recall and Energy Requirements 
 Dietary intake was assessed by three 24-hour dietary recalls at baseline 
and endpoint (4 + 1 and 20 + 2 weeks postpartum, respectively). Dietary recalls 
were collected by telephone or in person using the Minnesota Nutrition Data 
System for Research (NDSR 2008, Nutrition Coordinating Center, University of 
Minnesota, MN) software, on three separate days in the same week. NDSR 
manages the collection of dietary data through a series of data-entry windows 
using a multiple pass system. The interviewer asked the participant what they ate 
or drank first time in the day, then where that occurred (home, work, etc), and 
finally at what time it occurred. The series of questions continue until the day’s 
dietary intake was completed. Each recall took approximately 30 minutes. NDSR 
has been previously validated against doubly labeled water and proved an 
accurate method to assess energy intake (7-9). Use of dietary supplements was 
not recorded in NDSR. 
NDSR assigns food into nine groups based off MyPyramid food groups 
(fruit, vegetables, grains, meat and beans, milk, oils, extras = sweets, beverages, 
and miscellaneous) (2,10). Inclusion of food into a group was based on the 
Dietary Guidelines for Americans 2005 (11) and United States Department of 
Agriculture (USDA) Food Guide Pyramid (2). NDSR further classifies food into 
166 subgroups. The following subgroups were used to better capture dietary 
intake for this study. The fruit group was further divided into servings of whole 
fruit. Dark green and orange vegetables were used to further classify the types of 
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vegetables consumed. Total grains were broken down into three subgroups: 
whole grains, snack grains (crackers, popcorn, snack bars and chips) and grain-
based desserts (cakes, cookies, pastries, doughnuts, pies, and cobblers). 
Servings of frozen dairy desserts (ice cream) were reported to capture the 
amount ice cream consumed versus milk or cheese. The extra food groups 
include sweets (syrup, honey, jams, jellies, candy, and sweet sauces), beverages 
(sweetened fruit drinks, soft drinks, and sweetened tea) and miscellaneous (non 
sweet sauces and condiments, pickled foods, soup broth, and sugar substitutes). 
Serving sizes for NDSR and MyPyramid food groups were based on the Dietary 
Guidelines for Americans 2005 (11) and Food and Drug Administration (FDA) 
(12). 
Energy needs were calculated using the Total Energy Expenditure (TEE) 
equation from the Dietary Reference Intakes for overweight, non-pregnant, non-
lactating women (13). Then 330 kcal was added for breastfeeding. Finally, 500 
kcal was subtracted to promote a safe weight loss of one pound per week. A 
previous study with breastfeeding overweight women found a moderate calorie 
restriction (500 kcal per day) with exercise had no adverse affects on infant 
growth (weight or length) (14). Additionally in another study with breastfeeding 
overweight women, short term (11 days) energy restriction (approximately 1000 
kcal/d) had no effect on breast milk composition and volume (15). The minimum 
energy recommendation for the intervention group in this study was 1800 kcal 
per day, with a range of 1900 to 2500 kcal per day. 
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MyPyramid Menu Planner 
 Individual MyPyramid Menu Planner for Moms accounts were created for 
each participant in the intervention group (a coded user name and password) 
along with a personal profile (age, gender, weight, height, and physical activity). 
This allowed the participant and the dietitian to access MyPyramid Menu Planner 
for Moms. MyPyramid computes energy needs based on age, weight, height, and 
lactation status for weight maintenance. For the purposes of this study, the 
weight of the participant was altered until the energy needs computed by 
MyPyramid was equal to the energy needs determined for weight loss as stated 
above. Participants were made aware of the alteration in their weight status for 
energy needs, and that the weight entered into their account was not reflective of 
their recommended goal weight by the end of the intervention. Additionally, 
physical activity was entered as less than 30 minutes to avoid over-estimation of 
energy requirements for weight loss for all participants in the intervention group. 
For the initial log in and use of MyPyramid Menu Planner for Moms, a 60 
minute face-to-face counseling session was used. All participants received a 
printout from MyPyramid for Moms, which graphically displayed their 
recommended energy needs and amount of servings for food groups. Written on 
the printout was their user name and password for MyPyramid Menu Planner for 
Moms, web address for MyPyramid Menu Planner for Moms(16), and goal weight 
(current weight minus 7.2 kg, approximately 0.5 kg/week) for the end of the 
intervention. Dietary intake from the baseline three day NDSR recalls were 
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entered into MyPyramid Menu Planner for Moms. Participants received printed 
copies of these first three daily reports from MyPyramid Menu Planner for Moms. 
The printed reports were used to help teach participants how to enter foods into 
MyPyramid Menu Planner for Moms. 
To assess weight loss progression and allow for additional dietary 
counseling, participants were asked to log in at least three days per week on 
MyPyramid Menu Planner for Moms and enter their dietary intake. Since 
MyPyramid Menu Planner for Moms allowed for seven days worth of dietary 
entry, weekly reports were printed every Monday morning, which facilitated face-
to-face dietary counseling on Wednesday every week. The average weekly 
dietary counseling session lasted about 30 minutes; however, participants were 
encouraged to ask questions during any of the weekly exercise sessions or 
anytime via email. Compliance was also measured by checking mother’s weight 
(Tanita BWB-800S digital scale) and circumference measurements (gulick tape 
measure) every two weeks, along with the infant’s weight (SECA 334 digital 
scale). 
The minimal care group was asked not to change their dietary habits 
during the 16-week intervention. Two standard public health nutrition handout 
from the American Heart Association (Appendix B) were mailed to the minimal 
care group at 9 weeks [“Eating more nutrient dense foods and less nutrient poor 
foods” (6)] and 16 weeks [“Healthy Diet and Lifestyle Recommendations” (5)] 
postpartum. 
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All participants were contacted bi-weekly to assess the use of formula, use 
of birth control, return of menses, change in physical activity, and use of dietary 
supplements (Appendix B). In addition, adverse dietary events (i.e. infant dairy 
intolerance from the mother’s dietary intake) were also recorded. For the 
intervention group, this information was recorded on the same day as the 
mothers and infants were weighted. The minimal care group was contacted (via 
telephone or email) by a research assistant every two weeks. Both groups 
received a multivitamin without minerals. 
Statistical Analysis 
 Data were analyzed using JMP software (v.6.0.0 SAS Institute Cary, NC). 
One-way analysis of variance (ANOVA) was used to test significant differences 
between the intervention and minimal care groups for baseline characteristics 
[age, pre-pregnancy and baseline weight, pre-pregnancy body mass index (BMI), 
and height]. Repeated measures analysis of variance (RMANOVA) was used to 
test for differences over time and between groups for weight, BMI, dietary 
changes (energy, energy (kcal)/ kg of body weight, fiber, saturated fat, trans fat, 
sodium, percentage of energy from macronutrients and added sugars, and 
amount of MyPyramid food groups consumed) during the 16-week intervention. 
The number of weeks of participants recorded their dietary intake divided by the 
number of total weeks (16) was used to determine compliance to MyPyramid for 
the intervention group. Qualitative data was recorded on the call logs, but not 
statistically analyzed due to the small number of women (n = 5) who reported 
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information on adverse dietary events. A bivariate correlation was performed to 
test the relationship between number of weeks MyPyramid Menu Planner for 
Moms was used and the amount of weight loss for the intervention group. 
Results were reported as mean (standard deviation-SD) and significance was set 
at p < 0.05. 
Results 
 Thirty women were randomized to either the intervention group (n=16) or 
minimal care group (n=14), with a total of 4 dropouts (2 per group) due to 
switching to formula feeding or moving out of state. There were no significant 
differences at baseline between the four women who dropped out compared to 
the 26 women who completed the study. The intervention group was significantly 
heavier at baseline compared to the minimal care group (p = 0.03) (see Table 
4.1). There were no significant differences between the two groups for other 
baseline characteristics. All participants except one had at least a college 
education and access to a computer and internet. The intervention participants 
stated they were familiar with reading labels and portion sizes. The ethnicity 
makeup of the two groups was evenly distributed. The majority of the participants 
were Caucasian (22 out of 26). Two African Americans were in the minimal care 
group and the intervention group had 1 African American and 1 Latino 
participant. Two Caucasian and two African American participants (one per 
group) did not complete the study. 
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Table 4.1. Participants’ Characteristics and Nutritional Intake of the Minimal Care and Intervention 
Groups 
             
  
 Minimal Care (n = 12) Intervention (n = 14) 
         
 
 Baseline Endpoint Baseline Endpoint 
             
 
Age (years) 30.6 (3.7) - 31.9 (3.1) - 
Pre-pregnancy Weight (kg) 66.2 (12.3) - 73.7 (10.8) - 
Pre-Pregnancy BMI (kg/m2) 25.4 (4.1) - 26.9 (4.4) - 
Height (cm) 161.4 (5.9) - 165.8 (5.4) - 
Weight (kg) *, ** 72.5 (10.5) 70.1 (13.2) 81.6 (10.1) 75.8 (10.3) 
BMI (kg/m2) *** 27.8 (3.3) 26.9 (4.4) 29.7 (3.6) 27.6 (3.7) 
Energy Intake (kcal) a,** 2001 (502) 1780 (433) 2383 (510) 1770 (433) 
Energy Intake (kcal/kg) 28.0 (8.4) 25.4 (4.6) 29.8 (8.2) 23.7 (6.8) 
Fiber (g) a 20.8 (10.4) 18.0 (7.6) 25.5 (11.5) 26.1 (8.8) 
Saturated Fat (g) a,** 24.5 (9.7) 25.7 (13.6) 34.5 (12.6) 19.6 (8.1) 
Trans Fat (g) a 4.1 (3.2) 3.5 (2.3) 4.3 (1.7) 2.4 (1.5) 
Sodium (mg) a 3413 (1272) 2993 (1151) 4019 (1023) 3312 (1281) 
% Energy from Carbohydrates a,** 50.8 (5.7) 50.0 (6.2) 50.5 (4.9) 54.5 (5.2) 
% Energy from Added Sugars a,** 13.0 (6.2) 14.5 (5.0) 13.4 (4.8) 9.9 (3.0) 
% Energy from Protein a 16.2 (3.2) 17.4 (3.3) 16.4 (3.2) 18.3 (3.0) 
% Energy from Fat a,** 34.3 (5.5) 33.8 (6.5) 34.6 (4.5) 29.1 (5.4) 
% Energy from Saturated Fat a,** 10.8 (2.9) 11.4 (5.3) 12.8 (3.1) 7.5 (3.0) 
             
 
BMI, body mass index 
Data are mean (SD) 
 
* Significantly different between groups at baseline, p = 0.03, ANOVA  
** Significantly different over time and between groups, p < 0.05, RMANOVA 
*** Significantly different over time, p = 0.05, RMANOVA  
 
a Intervention group recommendations: energy, 1900 to 2500 kcal/d; fiber, 25 g/d, saturated fat, 24g; trans 
fat, limit; sodium, < 2300 mg/d; % energy from carbohydrates (45-65%), added sugars (42 g or < 8%), 
protein (15-20%), fat (20-35%), and saturated fat (< 10%) 11. 
 
 
 Average baseline energy recommendations for the intervention group 
were 2,300 kcal. Both groups significantly reduced their caloric intake during the 
16-week study; however, the intervention group decreased 613 (521) kcal, 
whereas the minimal care group decreased 222 (414) kcal, p < 0.05 (Table 4.1). 
The intervention group decreased saturated fat intake [14.9 (14.0) g], compared 
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to the minimal care group who increased [1.2 (14) g], p = 0.008. At endpoint, the 
mean percentage of energy from saturated fat for the intervention group (7.5%) 
was in agreement with the recommended amount of less than < 10% (11). The 
intervention group decreased their body weight by -5.8 (3.5) kg (range +0.6 kg to 
-11.6 kg) or -7%, compared to the minimal care group -2.4 (4.9) kg (range +6.2 
kg to -9.3 kg) or -3%. The reduction of body weight was significantly different 
between groups over time, p < 0.05. 
At endpoint, the intervention group increased their servings to the amount 
recommended by MyPyramid for dark green and orange vegetables (Table 4.2). 
They were below the recommended serving sizes for fruits, vegetables, total 
grains, including whole grains, meats and beans, milk, and fats and oils. There 
was a significant difference over time and between groups with the whole fruits, 
total grains group, and milk food group, p < 0.05. The intervention group 
increased whereas the control group decreased their consumption of whole fruits 
(not juice), p = 0.05. Servings of the total grain group decreased in both groups 
and were significantly different between groups, p < 0.05. Servings consumed for 
the milk group decreased in the intervention group, whereas the minimal care 
group increased, p = 0.005. The intervention group decreased servings of milk 
from frozen dairy desserts (i.e. ice cream) while the minimal care group 
increased, p = 0.07. One woman’s infant in the intervention group was diagnosed 
with a milk protein allergy which required her to eliminate dairy from her diet. 
 
 
 
 
Table 4.2. Servings of MyPyramid Food Groups Consumed by the Minimal Care and Intervention Groups 
                  
 
  Minimal Care (n = 12) Intervention (n = 14) 
 Daily Recommended     
 
 Food Groups Servings a,b Baseline Endpoint Baseline Endpoint 
                  
 
Fruit 4 1.0 (0.9) 0.9 (0.9) 1.9 (2.0) 2.3 (1.6) 
 Whole Fruit (not juice) * eat a variety 1.0 (0.9) 0.6 (0.7) 1.2 (1.3) 1.8 (1.5) 
Vegetables 6 3.3 (1.6) 3.2 (1.9) 4.2 (3.0) 4.9 (2.4) 
 Dark Green & Orange Vegetables 1.5 0.7 (0.9) 0.3 (0.4) 1.1 (1.4) 1.5 (0.9) 
Total Grains * 7 - 8 oz eq. 6.9 (2.3) 6.5 (2.1) 9.1 (3.2) 6.6 (2.2) 
 Whole Grains 3.5 – 4 oz eq. 2.1 (2.2) 2.4 (1.7) 3.9 (2.2) 3.0 (1.9) 
 Snack Grains limit 0.9 (1.1) 0.6 (0.7) 1.3 (1.1) 0.8 (0.8) 
 Grain Based Desserts limit 0.8 (0.8) 0.6 (0.9) 0.8 (0.8) 0.5 (0.4) 
Meat & Beans (1 oz = 1 serving) 6 – 6.5 oz eq. 6.0 (2.9) 5.5 (3.2) 5.1 (1.9) 4.6 (1.9) 
Milk ** 3 1.6 (0.7) 2.0 (0.9) 3.0 (1.4) 2.0 (0.8) 
 Frozen Dairy Desserts limit 0.1 (0.2) 0.3 (0.6) 0.7 (1.3) 0.3 (0.4) 
Fats & Oils 2-3 3.2 (2.2) 3.7 (2.5) 4.2 (3.9) 3.8 (2.4) 
Sweets limit 1.2 (1.1) 0.8 (0.9) 1.8 (2.1) 1.3 (1.4) 
Beverages limit 1.0 (1.8) 0.8 (1.2) 0.1 (0.2) 0.1 (0.2) 
Alcohol limit 0.2 (0.4) 0.1 (0.3) 0.2 (0.4) 0.1 (0.3) 
Miscellaneous *** limit 2.1 (1.7) 1.0 (0.9) 1.2 (0.9) 0.6 (0.6) 
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Snack Grains- crackers, popcorn, snack bars and chips; Grain Based Desserts- cakes, cookies, pastries, doughnuts, pies, and cobblers; Frozen Dairy 
Desserts- ice cream; Sweets- syrup, honey, jams and jellies, candy, sweet sauces; Beverages- sweetened fruit drinks, soft drinks, and sweetened tea; 
Miscellaneous- non sweet sauces and condiments, pickled foods, soup broth, and sugar substitutes. 
 
Mean (SD)  
* Significantly different over time and between groups, p = 0.05, RMANOVA  
** Significantly different over time and between groups, p = 0.005, RMANOVA  
*** Significantly different over time, p = 0.01, RMANOVA 
 
a  Recommended Servings based on the average participant in the study using MyPyramid Plan for Moms 16.  Average participant age 31; breastfeeding 
only, no formula; infant age of 4 weeks; height 163.8 cm; weight 76.9 kg; physical activity less than 30 minutes; based on 2200 – 2400 kcal pattern.  
 
b  Serving sizes based on the Dietary Guidelines for Americans 2005 11 and FDA 12.  Fruits and Vegetables, 1 serving = 1 medium fruit, 1 cup (c) raw 
leafy vegetable, ½ c cooked vegetable or fresh/ frozen/ canned fruit, 6 oz fruit or vegetable juice, ¼ dried fruit; Grains, 1 serving = 1 slice of bread, 1 oz 
dry cereal, ½  c cooked rice or cereal/ pasta, 1 oz equivalent (oz-eq.); Meat and beans, 1 serving = 3 oz cooked meat/ poultry/ fish, 1/3 c (1.5 oz) nuts, 2 
T (1/2) seeds, 1/2 c cooked dry beans or peas, 1 oz-eq. = 1 oz lean meat, ¼ c dry beans or tofu, 1 T peanut butter or ½ oz nuts/ seeds; Milk, 1 serving = 
8 oz (1 c) milk/ yogurt, 1.5 oz natural cheese, 2 oz processed cheese; Fats and Oils, 1 serving = 29 to 31 g of fat, 1 tsp margarine/ vegetable oil, 1 T low-
fat mayonnaise, 2 T light-salad dressing.
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Four other women in the intervention group restricted consumption of milk 
and beans, due to their infants being “fussy” and “gassy.” There were no other 
adverse events reported in either group. The miscellaneous food groups 
decreased significantly over time in both groups (p = 0.01) with no difference 
between groups. 
MyPyramid Menu Planner for Moms was used by the intervention group 
for an average of 9.6 (5.9) weeks (range 2 to 16 weeks) during the 16 week 
intervention (range 2 to 16 weeks). Five of the 14 participants (35.7%) used 
MyPyramid Menu Planner for Moms for only two to four weeks. Three of these 
five participants were vegetarians.  They reported that using MyPyramid was 
very frustrating and time consuming because of the limited vegetarian items in 
the program. They changed to recording their intake by pen and paper for the 
remainder of the 16 weeks. The other two non-vegetarian participants 
discontinued use of MyPyramid Menu Planner for Moms around the fourth week 
due to reporting familiarity with dietary recommendations and portion sizes. 
There was no relationship between the number of weeks MyPyramid Menu 
Planner for Moms was used and weight loss (β = 0.06, R2 = 0.009, p = 0.7). 
Discussion and Limitations 
 The intervention group significantly reduced their energy, saturated fat, 
and added sugars intake, through use of MyPyramid Menu Planner for Moms 
and weekly counseling by a registered dietitian. Additionally, the intervention 
group increased their whole fruit, vegetable, and dark green and orange 
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vegetable intake to recommended levels. Although the intervention group was 
counseled to increase their protein intake (food groups: milk and meat and 
beans) to help preserve lean mass while decreasing weight, the intake for those 
food groups decreased.  
MyPyramid Menu Planner for Moms was designed for individuals with 
some food knowledge and computer experience (1). All but one of the 
participants in this study had at least a college education. The participants in the 
intervention group stated they were familiar with portion sizes and ability to read 
food labels. Additionally, they had basic computer skills and convenient access to 
a computer with internet capabilities. 
There are some inherent limitations with both diet recalls and use of 
MyPyramid Menu Planner for Moms. Participants may withhold or alter 
information based on what they think the interviewer would like to hear, 
embarrassment of food choices, or poor memory during 24-hour recalls (17). 
This can lead to under- or over- reporting of the dietary data by the participant. In 
addition, the 24-hour recall only reflects one day’s intake, and seldom represents 
the participants usually intake (17). We addressed this limitation through 
collection of three 24-hour dietary recalls within the same week at baseline and 
endpoint. Despite collecting three days worth of dietary information, 
underreporting of normal dietary intake may still have occurred as overweight 
women are more likely to underreport dietary intake compared to normal weight 
women (18). 
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The limitations using internet technology to aid in individual dietary 
counseling are participants must have computer and internet access, basic 
computer skills, and basic food knowledge (1). Given the education level of this 
population the results may not translate into other populations with limited access 
to computers and the internet. Another limitation was the use of MyPyramid 
Menu Planner for Moms for vegetarians. The limited vegetarian food choices 
made it difficult to accurately capture the dietary intake of the vegetarians in this 
study. 
Conclusion 
 The use of MyPyramid Menu Planner was a novel tool to aid in weekly 
individual dietary counseling and weight loss. Participants received immediate 
dietary guidance feedback from the program as they enter food into the 
MyPyramid Menu Planner. It allowed participants and the dietitian to track dietary 
habits over time. The results from this study suggest MyPyramid Menu Planner 
was a useful tool to aid in counseling postpartum women to change dietary habits 
and facilitate weight loss. However, more research designed to compare using 
MyPyramid Menu Planner with counseling to counseling only is needed. 
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CHAPTER V 
 
EFFECTS OF ENERGY RESTRICTION AND EXERCISE ON BODY 
COMPOSITION IN OVERWEIGHT LACTATING WOMEN  
(formatted for publication in the American Journal of Clinical Nutrition) 
 
 
Introduction 
 Obesity in America has risen to epidemic proportions over the last 20 
years. The 2007-2008 National Health and Nutrition Examination Survey 
(NHANES) reported that 25.5% of American women between the ages of 20 to 
39 are overweight and 34% are obese (1). Childbearing may be one of the 
causes for the high prevalence of overweight and obesity among women. Some 
women gain too much weight during pregnancy or are unable to lose the excess 
weight after childbirth (2). Excessive weight gain during pregnancy has been 
shown to be a positive predictor in long term postpartum weight retention (3-7). 
Rooney et al. (8) reported higher pre-pregnancy BMI, excess gestational weight 
gain, failure to lose weight during the early postpartum period, lack of physical 
activity, formula feeding, and breastfeeding for less than three months all to be 
positive predictors of long term postpartum weight retention. Additionally, excess 
weight retention after pregnancy increases a woman’s risk for developing a 
chronic disease later in life (5).  
There are few studies that have directly investigated energy restriction 
during lactation. McCrory et al. (9) reported that short term (11 days) energy 
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deficit (1000 kcal/d) during lactation had no effect on breast milk composition and 
volume. Lovelady et al. (10) found a moderate calorie restriction (500 kcal per 
day) coupled with increased aerobic exercise resulted in significant maternal 
weight loss and no adverse affects on infant growth (weight or length).  
While energy restriction is necessary for weight loss, some researchers 
report loss of BMD with reduced energy intake. In studies that have investigated 
extremely low levels of energy intakes (405 to 1000 kcal/d) (11-13) or in studies 
with rapid weight loss (> 1 kg/week) during short periods of time (less than three 
months) (14-15) significant reductions in bone density have been reported in both 
men and women. However, modest restriction in energy intake has been shown 
in premenopausal women to improve body composition and not affect bone 
during periods of weight loss (16-18). 
This possible decrease in BMD is of concern when recommending energy 
restriction to postpartum women as women lose BMD during lactation (19-23). 
Maternal bone is lost at a rate of 1-3% per month, with a greater loss (1-10%) at 
the trabecular rich sites, lumbar spine and hip (24-26). The bone loss is driven by 
an increased demand for calcium in breast milk (approximately 200 mg of 
calcium per day), combined with elevated serum prolactin concentrations, 10 to 
20 times above normal (<20 µg/L) and lower levels of estradiol (70 – 300 pmol/L) 
(25-27). In most women, bone loss is usually reversed when prolactin 
concentration is decreased (weaning) and estradiol is increased with normal 
menstruation (26,28-30), making breastfeeding a safe feeding choice. However, 
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not all women return to prepregnancy levels and women with low bone status 
prior to pregnancy or women who have their children later in life may increase 
their risk of osteoporosis during lactation or menopause (23,31).  
Exercise combined with a modest restriction in energy intake has been 
shown in pre- and postmenopausal women to improve body composition and 
protect bone during weight loss (17-18,32-37). Lovelady et al. (38) investigated 
the effects of exercise (aerobic and resistance training) on bone mineral density 
in fully breastfeeding women. The exercise group performed three days per week 
of 45 min of moderate intensity walking and resistance exercise. Compared to 
the control group, the exercise group slowed the loss of lactation-induced bone 
loss in the lumbar spine and improved body composition (38). Although the study 
design did not have an energy restriction component, both groups reduced their 
dietary intake and lost weight (3.5 kg). 
The primary roles of anabolic hormones, such as growth hormone (hGH), 
are tissue growth and bone remodeling. An increase in hGH concentration is 
observed after acute bouts of both aerobic and resistance exercise in 
eumenorrheic women, with the magnitude related to duration and intensity (39-
41). For an exercise program to increase hGH concentration chronically, it is 
dependent on the intensity of training (40,42-43). In regards to postpartum 
women, there has only been one study that has examined the chronic effects of 
exercise on anabolic hormones (Chapter III). While the concentration of hGH 
increased after a 16-week exercise intervention, it was not statistically significant 
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possibly due to the small sample size or that the moderate training intensity was 
below the threshold needed to elicit a chronic hGH response. 
In overweight breastfeeding women, weight loss has been shown to be 
safe without compromising infant growth (10). Additionally, aerobic and 
resistance exercise have been shown to slow the loss of BMD (38) during 
lactation in normal to overweight women. Therefore, the primary purpose of this 
study was to investigate the effects of energy restriction, walking, and resistance 
training on body composition and bone in overweight fully breastfeeding women. 
The second aim was to monitor infant growth (weight and length). The third aim 
was to describe changes in prolactin and estradiol. The final aim was to describe 
the acute and chronic response of growth hormone to resistance exercise. 
Methods 
Subjects 
 Participants were recruited through prenatal classes and flyers posted 
within the community and obstetrician’s offices. An interviewer determined 
eligibility by telephoning the women after the birth of their infant. Eligibility criteria 
included vaginal delivery, less than three weeks postpartum with a self-reported 
body mass index (BMI) between 25 and 30 kg/m2, fully breastfeeding, 23 to 37 
years of age, and participation in physical activity less than three days per week 
for the past three months. Potential participants were excluded if they delivered 
by cesarean section, had a history of smoking during pregnancy, had preexisting 
medical conditions that affected hormone levels or if exercise was 
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contraindicated. Sample size was determined from the results of two previous 
studies (10,38). A final sample size of 26 participants (13 per group) was 
estimated to provide enough power (80%) to detect differences in lumbar spine 
BMD (5%), fat mass (FM, 4 kg), fat free mass (FFM, 1.6 kg), and hGH (338%) 
with a two-sided alpha level of 0.05. All participants agreed to randomization, 
were medically cleared for exercise by their physicians, and signed an informed 
consent (Appendix B) prior to the baseline (4 + 1 weeks postpartum) 
measurements. Participants were randomized, stratified by parity, into either an 
intervention (diet and exercise) group or minimal care group after completion of 
baseline measurements. The University of North Carolina at Greensboro 
Institutional Review Board approved the study protocol.  
Laboratory Measurements 
 Measurements at baseline and endpoint (20 + 2 weeks postpartum) 
included maternal and infant anthropometrics, body composition, bone density, 
dietary intake, cardiovascular fitness test, muscular strength, and basal (non-
stimulated) and immediate post 1-repetition maximum exercise testing blood 
draws for hormone analysis. 
 Assessment of body composition and bone. Anthropometric 
measurements included height, weight, waist and hip circumference. Height was 
measured using a standardized stadiometer (235 Heightronic Digital 
Stadiometer, Snoqualmie, WA), which was calibrated every time prior to use. 
Participants were asked removed their shoes and stand parallel to the wall with 
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their heels, hips, and back of their head six inches from the wall where the 
stadiometer was mounted. Participant’s weight was measured on a digital scale 
(Tanita BWB-800S) with no shoes. A gulick tape measure was used to measure 
waist and hip circumference. Waist circumference was defined as the narrowest 
part of the torso above the umbilicus and below the xiphoid process (44). The 
measurement was taken the same way for baseline and endpoint either under 
the participant’s shirt or over a thin nursing tank-top. Hip circumference was 
defined as a horizontal measure taken at the maximum circumference the 
buttocks (44). The measurement was taken around the participant’s thin exercise 
pants. 
Infant’s weight was measured on a SECA 334 digital scale with the infants 
wearing only a clean diaper. The weight of the clean diaper was then subtracted 
from the infant’s scale weight to obtain the actual weight of the infant. A length 
board was used to measure infant length. The mother was instructed to gently 
hold the infant’s head against the head board, while the research assistant gently 
straighten the infant’s right leg and slid the moveable foot board until the infant’s 
foot was flat against the foot board. Two measurements were obtained (+/- 2 cm) 
and the average was recorded as the infant’s length. 
Body composition (weight, fat mass, percent body fat, and fat free mass) 
and bone (density, mineral concentration, and area) and were measured by dual 
energy x-ray absorptiometry (DXA - Lunar Prodigy Adv., Lunar Radiation Corp, 
Madison, WI; QDR enCORE software version 11.20.068). A trained DXA 
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technician positioned the subject and performed the scans to ensure precision 
and accuracy. Additionally, standard scan methods were used. The participant 
laid in the anteroposterior position, still and flat on an x-ray table, while the fan-
beam scanner made a series of transverse scans from head to toe in 0.6 to 1.0 
cm intervals. Three total scans were performed: total body (percent body fat, fat 
mass, fat free mass, total bone density, mineral content, and area,), lumbar spine 
(L1-L4), and total left hip (femoral neck, trochanter, Ward’s triangle). The entire 
procedure took approximately 30 minutes, depending on height. Participants 
were exposed to very mild radiation from the DXA scan, equivalent to 1/10 the 
exposure from a routine chest x-ray, and less than the exposure of a dental x-
ray. Since, the DXA was used to estimate body composition changes, quality 
control checks of body scale weight and the sum of DXA parts agreed within the 
accepted range of 1 +/- 2 kg (45). Additionally, the time of the last breastfeeding 
was recorded and the DXA measurement occurred no more than 2 hours since 
that feeding.  
At the endpoint measurement, a pregnancy test by the Student Health 
Center at UNC-Greensboro was administered to ensure that the participant was 
not pregnant prior to the DXA scan. A pregnancy test was not necessary at four 
weeks postpartum (baseline measurement), since after birth, menstruation does 
not resume for at least 8 weeks in non-lactating women (46). During lactation, 
menstrual cycles may not resume for 18 months (46). Participants collected a 
small urine sample in the morning on the day of the visit to the lab; the first void 
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of the morning was preferred. The participant was given a sterile urine collection 
cup to collect the urine sample, and stored the sample in the home refrigerator 
until they came into the lab.  
 Assessment of dietary intake. Dietary intake was assessed by 24-hour 
dietary recalls at baseline and endpoint. Dietary recalls were collected by 
telephone or in person using the Minnesota Nutrition Data System for Research 
(NDSR, Nutrition Coordinating Center, University of Minnesota, MN) software, on 
three separate days in the same week. NDSR manages the collection of dietary 
data through a series of data-entry windows, using a multiple pass system. The 
interviewer asked the participant what they ate or drank first time in the day, then 
where that occurred (home, work, etc), and finally at what time it occurred. The 
series of questions continued until the day’s dietary intake was completed, which 
takes approximately 30 minutes. NDSR has been previously validated against 
doubly labeled water and proved an accurate method to assess energy intake 
(47-49). This diet record was used to determine each participant’s individual 
nutritional intake. Supplement intake was not recorded in NDSR in order to report 
nutrient intake from food sources only. 
 Assessment of cardiovascular fitness. Cardiovascular fitness was 
determined through a modified Balke protocol using a submaximal treadmill test 
at baseline and endpoint (44). A heart rate monitor (Polar, Inc., Woodbury, NY) 
was used to measure resting heart rate (RHR) and heart rate during exercise 
testing. Blood pressure, using a digital monitor, and resting heart rate were taken 
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prior to the exercise testing. Participants warmed-up on the treadmill for five 
minutes and were instructed to self-select a “brisk but slightly uncomfortable” 
speed at either a walk (< 3.7 mph) or jog (> 3.7 mph) pace. The speed remained 
constant throughout the test. The incline of the treadmill increased in increments 
of 2.5% every three minutes to ensure heart rate had reached steady state prior 
to progressing to the next stage. Heart rate and perceived exertion were 
recorded at the end of the second minute and prior to progression to the next 
stage. Perceived exertion is a subjective rating based on a Borg scale from 6 to 
20 corresponding to descriptive words on how the participant overall was feeling 
during the treadmill test. A rating of 6 (extremely easy) would be equivalent to 
sitting on the couch not doing much, whereas 20 (extremely hard) was “I cannot 
go another step”. The test was terminated once the participant’s heart rate 
reached 85% of their predicted heart rate maximum calculated using the heart 
rate reserve formula [(220-age-RHR) x 85% + RHR] or the participant requested 
to stop the test. Once the test was terminated, the incline returned to 0% and the 
speed slowly decreased. The participant was instructed to continue walking until 
their heart rate dropped below 120 beats per minute, recorded every two 
minutes. The treadmill test was administered by an American College of Sports 
Medicine Health Fitness Specialist (ACSM/ HFS) and certified in 
cardiopulmonary resuscitation (CPR). Predicted VO2 was calculated based one 
of the following equations depending on whether the participant walked or jogged 
for the treadmill test (44): 
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VO2 (walking) = (3.5 ml/kg/min) + (speed in m/min * 0.1 m/min) + (grade x m/min 
* 1.8) 
VO2 (jogging) = (3.5 ml/kg/min) + (speed in m/min * 0.2 m/min) + (grade x m/min 
* 0.9) 
Predicted maximal oxygen consumption (VO2max) was calculated using a linear 
regression equation with heart rate as the independent variable and the 
dependent variable was predicted VO2. 
 Assessment of muscular strength and endurance. Muscular strength 
was assessed using the 1RM method (44). Participants were instructed on the 
proper technique for each exercise prior to the 1RM test. The 1RM strength 
exercises were squats, bench press, bent over row, stiff leg deadlift, and seated 
military press. Adjustable dumbbell weights were used for the strength 
assessment. One set of ten repetitions of trunk rotations, hip and knee X-chops 
was used for the warm-up using a 2 kg medicine ball. Prior to each 1-RM test for 
each exercise, participants performed one set of 10 repetitions. Participants 
began with weights approximately 50 to 70% of their perceived capacity for one 
lift. The weight was increased with each lift, with a 1 to 2 minute rest period in 
between, until the participant could no longer safely perform the exercise with 
proper technique or requested to stop. The final weight lifted with proper 
technique was recorded as the participant’s 1RM for that exercise. A National 
Strength and Conditioning Association Certified Strength and Conditioning 
Specialist (NSCA CSCS) and ACSM/ HFS, administered the strength test.  
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 Muscular endurance was assessed using the ACSM protocol for 
abdominal curl-ups and pushups (44). For the abdominal curl-ups, participants 
were instructed to lay in the supine position on the exercise mat with knees at 90 
degrees, arms by their side with palms facing down, and their middle finger 
touching a piece of masking tape. A metronome was set to 50 beats per minute; 
the participant slowly curled-up to lift the shoulder blades off the mat in time with 
the metronome until the hands touch a second piece of tape (10 cm apart from 
the starting piece of tape). The test was performed for one minute for a maximum 
of 25 curl-ups or until the participant failed to keep with metronome or requested 
to stop. For the pushup test, participants lay prone on the mat with hands 
shoulder-width apart and knees bent. The participants extended their arms 
keeping their back flat and then bent elbows to return torso to the mat. The 
movement was repeated until the participant could no longer perform a pushup 
or requested to stop.  
 Assessment of hormones. Participants came to the laboratory after an 
overnight fast and no alcohol consumption and exercise for 24 hours prior to 
blood draw. A trained phlebotomist drew approximately 4 tablespoons of blood at 
the same time each visit (4 and 20 weeks postpartum) to control for diurnal 
variation prior to the 1-repetition maximum (RM) testing. In addition, blood was 
drawn immediately after the 1RM testing to determine the acute response of 
hGH to maximum strength exercise. The pre and post exercise blood was 
collected into vacutainers. After collection, the vacutainers were left at room 
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temperature for 20 minutes to allow the blood to clot, followed by 30 minutes in 
the centrifuge at 3000 rpm at 4oC. The serum portion was aliquoted into micro-
centrifuge tubes (0.5 ml) and stored at -70oC until analyzed. Enzyme linked 
immunosorbent assays (ELISA) quantization kits (Alpco Diagnostics) were used 
to quantify hormone levels of prolactin, estradiol, and hGH in the serum.  
Study Intervention 
 Intervention group. The intervention group participated in a 16-week diet 
and exercise program from four to 20 weeks postpartum. A research assistant 
traveled to the participant’s homes one to three times per week during the 16-
week intervention to guide mothers with the exercise program and to ensure 
dietary compliance. The 16-week exercise protocol consisted of walking 10,000 
steps or 3,000 aerobic steps per day at least five days per week and strength 
training three times per week. The participants used a pedometer (Omron 
Healthcare, Inc., Bannockburn, Illinois) to monitor the number of steps taken per 
day. Each participant started with a minimum of 4,000 steps per day and was 
instructed to increase their daily step count by 100 to 200 steps per day over the 
first four to six weeks until the goal of 10,000 steps per day was reached. The 
Surgeon General’s recommendation is to “accumulate thirty minutes or more of 
physical activity on most, if not all, days of the week” (50), which is comparable to 
walking about 10,000 steps per day (51). Due to time constraints, an alternative 
option of reaching 3,000 aerobic steps was offered to participants. Aerobic steps 
were calculated on the pedometer as walking at least 60 steps per minute for at 
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least 10 minutes. Tudor-Locke et al. (52) determined that 3,000 aerobic steps are 
equivalent to walking 30 minutes at a brisk pace.  
The strength exercises were progressive and designed to target the core, 
which includes the region of the body from the gluteal muscles and hip up to the 
scapula, in order to stimulate bone formation at the lumbar spine and hip. The 
progression of the 16-week strength training program is outlined in Appendix B. 
The combination exercises were variations of the core exercises (squats, bench 
press, bent-over row, deadlift, and military press) used in 1-RM testing. All of the 
strength exercises were completed in the home with use of handheld dumbbell 
weights, a stability ball, and a yoga mat. The addition of 50 vertical jumps per 
session, three times per week was introduced at week nine of the strength 
training program to further stimulate bone formation. All exercise sessions were 
recorded in a logbook in order to assess compliance to the protocol (Appendix 
B). 
To promote a safe and healthy weight loss, a registered dietitian (RD) 
worked with the participants using MyPyramid Menu Planner for Moms (53) to 
reduce their dietary intake and encourage a healthy eating style. Energy needs 
were calculated using the total energy expenditure (TEE) equation from the 
Dietary Reference Intakes for overweight, non-pregnant, non-lactating women 
(54). An additional 330 kcal was added for breastfeeding, then 500 kcal was 
subtracted to facilitate a weight loss of one pound per week. The minimum 
energy intake prescribed was 1800 kcal. The participant’s weight and 
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circumference, along with the infant’s weight, were measured every two weeks 
using appropriate portable digital scales (Tanita BWB-800S and SECA 334 infant 
scale) and a gulick tape measure. To allow for individualized face-to-face dietary 
counseling, participants were asked to log in at least three days per week on 
MyPyramid Menu Planner for Moms and enter their dietary intake. A detailed 
description of how MyPyramid Menu Planner for Moms was used for the dietary 
intervention and detailed results are reported elsewhere (Chapter IV). 
 Minimal care. The minimal care group received standard public health 
information on nutrition from the American Heart Association (Appendix B) twice 
during the 16-week intervention. The first handout mailed at 9 weeks postpartum 
focused on eating more nutrient dense foods and less nutrient poor foods (55). 
The second handout mailed at 16 weeks postpartum focused on healthy diet and 
lifestyle recommendations (56). The minimal care group was asked not to 
participate in structured exercise or change their dietary habits for 16 weeks. 
Upon completion of the endpoint measurement, the minimal care participants 
were given all intervention materials, including the exercise equipment, exercise 
protocol and instruction, as well as the dietary counseling.  
All participants in both groups were asked to fully breastfeed their babies 
throughout the 16-week intervention. Mothers who gave their infants more than 
four ounces of formula on a regular basis were disqualified from the study. Bi-
weekly contact of all participants were done to assess the use of formula, use of 
birth control, return of menses, change in physical activity, and use of dietary 
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supplements (Appendix B). The minimal care group was contacted (via 
telephone or email) by a research assistant and the information for the 
intervention group was recorded on the same day as the mothers and infants 
were weighted. In addition, adverse dietary events (i.e. infant dairy intolerance 
from the mother’s dietary intake) were also recorded. All participants were 
provided with a multiple vitamin supplement without minerals (Appendix B).  
Statistical Analysis 
 JMP software (v.6.0.0 SAS Institute Cary, NC) was used to analyze data. 
Student’s t-test was used to test significance between the intervention and 
minimal care group for baseline characteristics. Repeated measures analysis of 
variance (RMANOVA) was used to test for differences over time and between 
groups for body composition (weight, percent body fat, fat mass, fat free mass, 
waist and hip circumference and waist to hip ratio), bone (density, mineral 
content, and area) in the total body, lumbar spine, and hip, infant growth (weight 
and length), hormones (prolactin, estradiol, and basal hGH), dietary intake 
(energy, protein, calcium intake, vitamin D, and macronutrient composition), 
cardiovascular fitness (VO2max), and strength (1RM). The acute response of 
hGH to exercise was tested using a change variable from basal to immediate 
post 1-RM at baseline and endpoint. Then RMANOVA tested for time and time 
by group differences in the acute response to hGH. Results are reported as 
mean (standard deviation), significance set at p < 0.05.  
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Results 
 One hundred fifty four women were initially screened for eligibility. One 
hundred twenty three women were determined to be ineligible (32 = birth by 
cesarean section, 26 = self-reported postpartum BMI > 30 kg/m2 or < 24.9 kg/m2, 
25 = unable to contact post-delivery/ infant’s health/ multiple births/ lived outside 
recruitment area, 16 = too young or old, 15 = too active or did not agree to be 
randomized, and 9 = formula feeding). Thirty one women were randomly 
assigned, stratified by parity, after completion of baseline measurements [4.3 
(0.8) weeks postpartum] into either the intervention group (n =16) or minimal care 
group (n = 15). One woman in the minimal care group is still participating. Four 
women (two in each group) did not complete the study. Three women 
(intervention = 2, minimal care = 1) stopped breastfeeding and introduced 
formula (greater than four ounces per day on a regular basis) before completion 
of the study. The fourth (minimal care) moved out of state and was unable to 
return to complete endpoint measurements. The baseline characteristics of the 
four who discontinued the study were not different between the women who 
completed the study (n = 26).  
No significant differences were seen between the two groups at baseline, 
except baseline weight was significantly higher in the intervention group 
compared to the minimal care group (p = 0.03) (see Table 5.1). The screening for 
BMI (self-reported height and weight) was between 24.9 and 30 kg/m2, however 
when height and weight were measured in the lab, BMI ranged from 24.5 to 35.2 
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kg/m2. Two women in the minimal care group actual BMI was greater than 30 
kg/m2 (34.6 and 34.3), whereas six women in the intervention group actual BMI 
was greater than 30 kg/m2 (range 31.2 to 35.2). 
 
Table 5.1. Baseline Characteristics of the Minimal Care and Intervention 
Group 
            
  
 Minimal Care Intervention   
Characteristic (n = 12) (n = 14) 
       
 
Age (yr)   30.7 (3.7) 31.9 (3.1) 
Parity (no.)    
 1 6 6 
 > 2 6 8 
Baseline Wt (kg) a  72.5 (10.5) 81.6 (10.1) 
Baseline BMI (kg/m2)   27.8 (3.3) 29.7 (3.6) 
Pre-pregnancy Wt (kg)   66.2 (12.3) 73.7 (10.8) 
Height (cm)  161.4 (5.9) 165.8 (5.4) 
Weight of Infants (kg)    
 Birth 3.3 (0.4) 3.5 (0.4) 
 4 wk 4.2 (0.4) 4.3 (0.3) 
Gain (4 to 20 wks)  2.5 (0.5) 2.7 (0.5) 
Sex of Infant (no.)    
 Female 9 10 
 Male 3 4 
             
 
BMI = body mass index (weight in kilograms divided by the height in meters squared) 
Data are mean (SD) 
a Significantly different between groups, p = 0.03, ANOVA 
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Twenty-five of the women enrolled were Caucasian, five African American 
(minimal care group = 3, intervention group = 2) and one Latino (intervention 
group). Two Caucasian and two African American women (one per group) did not 
complete the study. All women enrolled had a college education. 
The intervention group lost significantly more weight than the minimal care 
group [-5.8 (3.5) kg versus -2.4 (4.9) kg, respectively, p = 0.04] (see Table 5.2). 
Six of the women in the intervention group lost >7.2 kg, which is equivalent to the 
weight loss goal of the study of 0.5 kg per week. Both groups significantly 
improved their BMI (p = 0.05), lowered their percent body fat (p = 0.03) and 
reduced fat mass (p = 0.03) during the intervention with no difference between 
groups. The intervention group lost 14.5 (13.1)% of their body fat, and the 
minimal care group lost 9.8 (14.1)%,  p =0.1. Waist and hip circumference 
significantly decreased in the intervention group [-6.3 (3.3) cm and -5.3 (4.1) cm, 
respectively] compared to the minimal care group [-2.1 (7.9) cm and -1.7 (5.7) 
cm, respectively], p = 0.05. Total body bone mineral density (BMD), bone mineral 
content (BMC), and area were similar from baseline to endpoint in both groups 
(see Table 5.3). BMD and BMC in the lumbar spine and hip significantly 
decreased over time, p < 0.01. 
There were no differences in infant growth (weight or length) between the 
two groups. The infants gained an average of 0.15 (0.03) kg per week from 
baseline to endpoint in the intervention group, which was similar to the average 
infant’s weight gain in the minimal care group, 0.15 (0.03) kg per week.
 
 
 
 
Table 5.2. Body Composition of the Minimal Care and Intervention Groups 
                  
 
 Minimal Care Group (n = 12) Intervention Group (n = 14) 
     
 
 Baseline Endpoint % Change Baseline Endpoint % Change 
                  
 
Weight (kg) a  72.5 (10.5) 70.1 (13.2) -3.5 (7.1) 81.6 (10.1) 75.8 (10.3) -7.2 (4.4) 
BMI (kg/m2) b  27.8 (3.3) 26.9 (4.4) -3.8 (7.1) 29.7 (3.6) 27.6 (3.7) -7.2 (4.4) 
Body Fat        
 kg b 30.2 (9.0) 27.6 (10.1) -9.8 (14.1) 36.4 (7.0) 31.4 (8.3) -14.5 (13.1) 
 Percent b 41.1 (6.5) 38.4 (7.2) -6.9 (7.7) 44.4 (4.3) 40.8 (6.3) -8.2 (11.1) 
LBM (kg)  39.6 (3.8) 40.1 (4.6) 1.1 (5.7) 42.3 (4.8) 41.6 (3.4) -1.0 (6.5) 
Fat Free Mass (kg)   42.2 (3.9) 42.6 (4.8) 0.7 (5.0) 45.1 (4.8) 44.4 (3.6) -1.3 (5.5) 
Waist circumference (cm) a  80.6 (5.8) 79.1 (10.3) -2.1 (7.9) 86.3 (9.0) 81.0 (9.8) -6.3 (3.3) 
Hip circumference (cm) a  105.4 (7.7) 103.7 (11.3) -1.7 (5.7) 111.1 (6.4) 105.2 (7.5) -5.3 (4.1) 
WHR  0.77 (0.05) 0.76 (0.06) -0.5 (3.8) 0.78 (0.05) 0.77 (0.06) -0.9 (3.6) 
                  
 
LBM = lean body mass (non-bone); Fat Free Mass = LBM + BMC 
 
Mean (SD) 
 
a Significantly different over time and between groups, p < 0.05, RMANOVA 
b Significantly decreased over time, p < 0.05, RMANOVA 
  
120 
 
 
 
 
Table 5.3. Bone Mineral Density of the Minimal Care and Intervention Groups 
                  
 
 Minimal Care Group (n = 12) Intervention Group (n = 14) 
     
 
 Baseline Endpoint % Change Baseline Endpoint % Change 
                  
 
Total Body        
 BMD (g/cm2) 1.185 (0.099) 1.177 (0.113) -0.7 (2.0) 1.227 (0.059) 1.213 (0.057) -1.1 (0.8) 
 BMC (g) 2623 (515) 2491 (369) -4.3 (5.3) 2839 (308) 2742 (263) -2.9 (8.8) 
 Area (cm2) 2199 (256) 2109 (152) -3.6 (5.9) 2317 (249) 2262 (205) -1.8 (9.2) 
Lumbar Spine        
 BMD (g/cm2) a 1.179 (0.171) 1.132 (0.151) -3.8 (3.4) 1.254 (0.105) 1.211 (0.010) -3.4 (2.5) 
 BMC (g) a 57 (9) 54 (8) -4.5 (4.6) 67 (10) 64 (9) -4.9 (5.6) 
 Area (cm2) 49 (4) 48 (4) -0.8 (1.9) 54 (5) 53 (5) -1.5 (6.0) 
Hip        
 BMD (g/cm2) a 1.082 (0.150) 1.047 (0.149) -3.2 (1.9) 1.056 (0.133) 1.024 (0.134) -3.1 (1.7) 
 BMC (g) a  32 (4) 31 (4) -3.2 (2.2) 33 (4) 32 (4) -3.2 (1.8) 
 Area (cm2) 30 (2) 30 (2) -0.1 (1.0) 31 (2) 31 (2) -0.1 (0.6) 
                  
 
BMD = bone mineral density; BMC = bone mineral content 
Mean (SD) 
a Significantly decreased over time, p < 0.01, RMANOVA
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Infants’ length was similar between the groups at baseline and endpoint 
[intervention 53.5 (1.6) cm and 64.4 (2.4) cm; minimal care 52.7 (1.8) cm and 
62.6 (2.2) cm, respectively]. 
Both groups reduced their energy and calcium intake over time. The 
intervention group significantly reduced their energy intake [- 613 (521) kcal] 
compared to the minimal care group [- 222 (414) kcal], p < 0.05 (see Table 5.4). 
Additionally, the intervention group reported consuming a higher amount of 
dietary calcium at both baseline and endpoint compared to the minimal care 
group, p = 0.02. Two women (one in each group) reported taking calcium 
supplements during the study. Five women in the intervention group restricted 
their dairy intake which attributed to the decrease in calcium intake. Despite the 
dairy restriction, the intervention group consumed a higher amount of calcium 
from their diet than the minimal care group. The percent of energy from 
carbohydrate significantly increased in the intervention group, while decreasing in 
the minimal care group, p = 0.05. Both groups decreased the percentage from fat 
from energy, but the intervention group consumed significantly less of their 
energy from fat [29.1 (5.4)%] compared to the minimal care group [33.8 (6.5)%],  
p = 0.04.  
 Cardiovascular fitness significantly improved in both groups during the 
study, but there was no significant difference between the groups (see Table 
5.5). One woman in each group was unable to complete the endpoint 
cardiovascular fitness testing due to illness.
 
 
 
 
Table 5.4. Reported Dietary Intake of the Minimal Care and Intervention Groups 
                  
 
 Minimal Care Group (n = 12) Intervention Group (n = 14) 
     
 
 Baseline Endpoint Baseline Endpoint 
                  
 
Energy      
 kcal a 2001 (503) 1780 (433) 2383 (510) 1770 (433) 
 kcal/kg   28.0 (8.4) 25.4 (4.6) 29.8 (8.2) 23.7 (6.8) 
Percent of Energy From      
 Carbohydrate a 50.8 (5.7) 50.0 (6.2) 50.5 (4.9) 54.5 (5.2) 
 Protein  16.2 (3.2) 17.4 (3.3) 16.4 (3.2) 18.3 (3.0) 
 Fat a  34.3 (5.5) 33.8 (6.5) 34.6 (4.5) 29.1 (5.4) 
Protein      
 g 80.2 (23.7) 77.2 (22.5) 95.2 (16.3) 79.8 (19.7) 
 g/kg 1.1 (0.4) 1.1 (0.2) 1.2 (0.3) 1.1 (0.3) 
Calcium (mg) a  941 (228) 917 (204) 1344 (335) 1007 (255) 
Calcium:Protein Ratio  12.2 (3.5) 12.7 (4.3) 14.2 (2.8) 13.3 (4.3) 
Vitamin D (mcg)  3.5 (1.8) 3.8 (2.6) 5.0 (2.1) 3.7 (1.9) 
                  
 
Mean (SD) 
 
a Significantly different over time and between groups, p < 0.05, RMANOVA 
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Table 5.5. Cardiovascular Fitness and Muscular Strength of the Minimal Care and Intervention Groups 
                  
 
 Minimal Care Group (n=12)* Intervention Group (n=14) 
     
 
 Baseline Endpoint % Change Baseline Endpoint % Change 
                  
 
VO2 (ml/kg/min) a,** 30.7 (4.0) 33.8 (7.2) 9.3 (16.5) 31.8 (5.3) 34.5 (7.2) 9.0 (14.4) 
VO2 (L/min) 2.2 (0.3) 2.4 (0.8) 4.4 (19.1) 2.6 (0.5) 2.6 (0.7) 0.6 (14.0) 
Squats (lbs) b,*** 88 (15) 100 (15) 17 (21) 88 (18) 124 (19) 47 (30) 
Bench Press (lbs) 55 (15) 59 (12) 9 (16) 52 (11) 62 (17) 21 (26) 
Bent-over Row (lbs) c 50 (11) 55 (14) 10 (23) 53 (16) 72 (14) 48 (53) 
Deadlift (lbs) c 81 (21) 91 (24) 13 (32) 90 (14) 117 (18) 31 (21) 
Military Press (lbs) c 42 (9) 43 (10) 2 (23) 40 (12) 49 (9) 28 (28) 
ACSM Curl-ups (#) **** 22 (7) 25 (0) 14 (33) 22 (8) 25 (0) 14 (35) 
ACSM Push-ups (#) b,****  10 (5) 15 (7) 65 (51) 8 (8) 20 (9) 209 (189) 
                  
 
VO2 = maximal oxygen consumption 
 
* One participant in the minimal care group was unable to perform the fitness testing due to an illness at endpoint. 
** One participant in the intervention group was unable to perform the treadmill test at endpoint. 
*** One participant in the intervention group was unable to perform the 1-RM test for squats at endpoint due to an unrelated knee injury. 
**** One participant in the intervention group was unable to the curl-up and pushup test due to an illness at endpoint. 
 
a Significantly different over time, p < 0.05, RMANOVA 
b Significantly different over time, p < 0.05, and over time between groups, p < 0.05, RMANOVA 
c Significantly different over time and between groups, p < 0.05, RMANOVA
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The intervention group wore their pedometers on average 97.2 (17.5) [range 61 
to 112] days out of a possible 112 days. The average daily steps were 4838 
(2814) with an average of 917 (561) aerobic steps. Participants reported that bad 
weather, lack of time, and no childcare were reasons for the low number of steps 
recorded during the weekly recording of the pedometer log.  
The total volume of work performed (sets x repetitions x weight lifted in 
pounds) by the intervention group over the 16 weeks was 181,467 (40104) 
pounds, which translates to an average daily workout volume of 3781 (836) 
pounds. The intervention group had a 91.2 (9.9)% [range 66.7 to 100%] 
compliance to the resistance training program. The compliance to the program 
was reflected in the change of muscular strength and endurance (Table 5.5). 
One woman in the minimal care group was unable to perform the 1 RM test as 
well as the ACSM curl-ups and pushups due to an illness. One participant in the 
intervention group was unable to perform the squat 1 RM due to an unrelated 
knee injury and another participant was unable to perform the ACSM curl-ups 
and pushups test due to an illness. Both groups improved their strength for 
squats and push-ups during the study, p < 0.05 over time. However, the 
intervention group significantly improved their strength for squats, bent-over row, 
deadlifts, military press, and push-ups compared to the minimal care group, p < 
0.05.  
Prolactin levels and estradiol levels significantly decreased in both groups 
during the intervention, p < 0.05 (see Table 5.6).
 
 
 
 
Table 5.6. Description of Hormone Levels of the Minimal Care and Intervention Groups 
                  
 
 Minimal Care Group (n = 12) Intervention Group (n = 14) 
     
 
 Baseline Endpoint Baseline Endpoint 
                  
 
Prolactin (µg/L)a 278 (221) 94 (64) 190 (119) 73 (29) 
Estradiol (pmol/L)a 354 (182) 182 (108) 240 (160) 124 (73) 
hGH (µg/L)      
 Basal state  6.6 (5.9) 6.6 (6.7) 6.4 (4.3) 7.9 (7.5) 
 Immediate Post 1-RM   12.6 (8.6)* 9.4 (8.2)* 8.0 (6.7) 14.6 (8.2)* 
 Acute % Changeb 166 (212)%* 117 (98)%* 34 (90)% 343 (468)%* 
                  
 
hGH = human growth hormone; Basal state = fasted pre-exercise; RM = repetition maximum 
 
Mean (SD) 
 
* Blood samples were not collect at post 1RM measurements in one participant at baseline and two participants at 
endpoint in the minimal care group and two in the intervention group at endpoint. 
a Significantly different over time, p < 0.05, RMANVOA 
b Significantly different over time and between groups, p < 0.05, RMANOVA
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Three women resumed their menses (one in the intervention group at 11 
weeks postpartum and two in the minimal care group at 7.3 and 8.1 weeks 
postpartum) during the study. Five women in each group started birth control 
during the study (3 per group used the minipill and 2 per group used IUDs). The 
intervention group started using birth control at 8.9 (2.5) weeks postpartum, 
whereas the minimal care group waited until 13.9 (6.2) weeks postpartum to start 
birth control, p = 0.1. No change in basal hGH was observed from baseline to 
endpoint. Additionally, there were no significant increases in hGH immediately 
post exercise or over the duration of the study for either group. There were five 
women who had missed blood draws immediately post 1RM due to collapsed 
veins: one woman in the minimal care group at the baseline post 1 RM and two 
women in each group at the endpoint post 1RM. 
Discussion 
 This was the first study to describe the effects of energy restriction, 
walking, and resistance training on body composition and BMD in overweight 
lactating women. The intervention group throughout the study was heavier, but 
they were able to reduce their energy intake and lose significantly more weight, 
primarily from fat mass (-5.1 kg versus -2.7 kg) than the minimal care group. 
Although the intervention group lost more weight (-5.8 kg versus -2.4 kg), infant 
growth was not affected.  
Similar results were reported in two other studies that examined the 
effects of energy restriction during lactation (9-10). The first study compared the 
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effects of a reduced energy diet (1900 kcal/d) and a reduced energy diet (2100 
kcal/d) with aerobic exercise (i.e. walking, bicycling, swimming), to a control 
group (2500 kcal/d) (9). The BMI for the women ranged from normal to 
overweight (21 to 29.4 kg/m2) and all women were fully breastfeeding. The two 
groups with energy deficits lost weight (1.9 kg and 1.6 kg), primarily from fat 
mass. The study was eleven days in length and started around 12 weeks 
postpartum. No difference was observed with milk volume or composition. The 
second study in an overweight population started around the fourth week 
postpartum and was 10 weeks in length with a moderate calorie reduction (-500 
kcal/d) combined with aerobic exercise (walking) (10). The diet and exercise 
group lost 4.8 kg of body weight, primarily from fat mass (4.0 kg), and infant 
growth was not affected.  
In this study, despite reporting a 613 kcal deficit, there was a large range 
in the amount of weight loss (-2 to 11.6 kg, n =13) with one participant increasing 
weight (+0.6 kg) in the intervention group. The intervention group failed to 
achieve an average weight loss of 0.5 kg per week and only 6 of the 14 lost > 7.2 
kg during the 16 weeks. Some women may have underreported their dietary 
intake and did not decrease their energy intake by 500 kcal/ day. Underreporting 
is more likely to occur in overweight women compared to women of normal 
weight  (57). Additionally, the women were unable to achieve the aerobic 
exercise prescription of walking 10,000 steps per day, which would have 
facilitated further weight loss. The participants in the Lovelady et al. (10) study 
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were compliant to the 45 minute aerobic sessions four days per week; however, 
a research assistant was present for their walking sessions. In this study, the 
participants were asked to achieve 10,000 steps per day on their own. These 
factors may have contributed to the women not achieving the weight loss goal for 
this study.  
The bone loss in the lumbar spine from six months of lactation is 
equivalent to 2 years of bone loss during menopause. Studies in overweight/ 
obese postmenopausal women (not using hormone replacement therapy) have 
shown no significant effect of energy restriction and weight loss when combined 
with weight bearing exercise on bone, specifically the lumbar spine (35,58-60). 
Other studies have reported an increase in protein (>1 g/kg body weight) and 
calcium (>1000 mg/d) consumption to be protective of bone and fat-free mass 
during periods of energy restriction and weight loss (18,33,61), especially when 
coupled with resistance training exercise (34,58,62). Protein (1.1 g/kg) and 
calcium intake (1007 mg/d) for the intervention group in this study was above the 
protective levels other studies have previously shown. 
There is limited research into the benefits of exercise or physical activity 
on BMD in women during the postpartum period. Two studies with a self-reported 
(not randomized) exercise interventions that were less than three months in 
duration reported BMD changes during lactation to be similar to non-exercising 
lactating women (63-64). In a third study, lactating women were randomized 
around the fourth week postpartum to either an exercise group (45 minutes of 
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walking plus three days per week of resistance training) or control group for 16-
weeks (38). The exercise group lost less lumbar spine BMD compared to the 
control group (-4.8% vs. -7.0%, respectively).  
Likewise, this study had both an aerobic and resistance training exercise 
intervention. However, the loss of lumbar spine BMD was similar between the 
intervention and minimal care groups (-3.4% and -3.8%, respectively). A potential 
reason for the lack of differences between groups in this study, or further 
attenuation exercise may have had on bone loss, may be due to the positive 
osteogenic effect higher body mass has on bone, coupled with greater calcium 
reserves and higher estradiol levels. 
The loss of lumbar spine BMD was less in the control group of this study (-
3.8%) compared to the previous study (-7.0%) (38). The difference might be 
attributed to the heavier weight of the women in this study (27.8 kg/m2 versus 
24.8 kg/m2, respectively). Previous studies have shown a positive relationship 
with BMI and BMD (65-67). In general, the heavier a women is the higher the 
BMD. Additionally, the minimal care group for this study decreased their energy 
intake by 222 kcal. This was less than the previous study control group who 
reduced their intake by 422 kcal (38). Greater energy restriction without exercise 
may cause to a greater loss of lumbar spine BMD (35). 
The cardiovascular fitness levels of the intervention group for this study 
were similar at 4 and 20 weeks postpartum to a previous study by Lovelady et al. 
(38) with similar time points (4 weeks 31.8 ml/kg/min versus 31.1 ml/kg/min and 
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20 weeks 34.5 ml/kg/min versus 34.7 ml/kg/min, respectively). The minimal care 
group in this study started at a lower baseline fitness levels (30.7 ml/kg/min 
versus 32.4 ml/kg/min) but improvement was similar as the control group in the 
Lovelady et al. (38) study (33.8 ml/kg/min versus 34.4 ml/kg/min). An 
improvement in cardiovascular fitness was most likely attributed to a decrease in 
body weight for both groups versus exercise.  
The intervention group failed to achieve 10,000 steps per day and on 
average walked 4838 steps per day. In a survey of 200 men and women, the 
average daily steps were 5210 for American women and the higher the BMI 
(overweight to obese) the lower the average steps (68). When steps are 
classified into activity levels, less than 5000 steps was considered to be 
sedentary (52). A purposeful walk was needed in order to achieve 10,000 steps 
per day. Participants self-reported that bad weather, lack of time, and no 
childcare were reasons for the low number of steps recorded during the weekly 
recording of the pedometer log. There are a number of studies that reported 
similar results for barriers to change or physical activity (69-73). The most 
common predictor of change in exercise was support of the woman’s partner 
(70). Lack of childcare and time are the biggest barriers for postpartum women to 
overcome (70,73). 
The resistance program had a much higher compliance to the training 
protocol than the daily steps primarily due to a research assistant present for at 
least one if not all three strength sessions each week. The high compliance was 
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reflected in strength being significantly improved in the intervention group 
compared to the minimal care group. Additionally, the resistance program was 
designed to take no more than 20 to 30 minutes or could be done one set or 
exercise at a time allowing for flexibility around childcare.  
When compared to the previous study by Lovelady et al. (38), the women 
in this study had higher 1-RM values for all exercises at baseline and endpoint. 
The strength gains were similar in the two studies for squats, military press, and 
pushups for all groups. Bench press, bent-over row, and deadlift gains were 
greater in the exercise group in the previous study (38) compared to this study’s 
intervention group due to differences in the resistance training protocol. The 
weight training protocol for this study focused on challenging the muscle to strain 
the bone at different angles throughout the 16-week study. The exercises 
changed and the weight lifted was adjusted accordingly to stay at a 3 set, 12 to 
15 repetition protocol. In the previous study (38), the strength exercises remained 
the same for the entire 16 week study, with the weight lifted increased, with an 
increase in sets (1 to 5 sets) and a decrease in repetitions (12 to 5). A ceiling 
effect was seen with the ACSM curl-up test. The participants in both groups were 
able to achieve 25 curl-ups at baseline (minimal care group 10 out of 12 and 
intervention group 12 out of 14), which is the maximum amount for the test, 
allowing for no room for improvement that the endpoint measurement. The 
ACSM pushup test may not have been the best measure of local muscular 
endurance for this population as well. Although it allowed for a standardized test, 
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the women were mechanically unable to place their chin on the mat especially at 
baseline. The chest of the women would touch the mat first prior to their chin, 
making the test less valid for this population. 
Prolactin levels are high during the early postpartum period and decline as 
lactation continues (19,74). The prolactin levels in this study were elevated at 
baseline but declined during the 16 weeks, which was to be expected. The 
estradiol levels were still elevated from pregnancy at baseline. As both groups 
lost weight, estradiol levels decreased to levels similar to the luteal phase. 
Similar levels of prolactin, estradiol, and lumbar spine bone loss were observed 
in a longitudinal study of lactating women. Krebs et al. (19) reported a decrease 
in prolactin levels 140 µg/L to 50 µg/L and estradiol levels 300 pmol/L to 140 
pmol/L from 2 to 20 weeks postpartum. They reported that the change in 
prolactin and estradiol levels corresponded to a 4% loss in lumbar spine BMD. 
The decrease in estradiol levels in this study did not decline to as low of levels as 
those reported by Krebs et al. or in Chapter III, but the changes in lumbar spine 
BMD were similar (-3.4% intervention group and -3.8% minimal care group).  
Acute bouts of aerobic and resistance exercise in eumenorrheic women 
have been shown to stimulate hGH production post exercise (40-41). However, 
the magnitude of hGH increase is related to duration and intensity of exercise 
(40-41). Kraemer et al. (39) found 6 sets of 10 repetition maximum (RM) squats 
increased the immunoreactive fraction (<30 kDa) of hGH but not the most 
common measured biological active fraction (30-60 kDa). Chronic aerobic 
134 
 
 
 
exercise has shown to increase hGH in women depending on intensity of training 
(40,42-43). Weltman et al. (42) found eumenorrheic women who train above 
lactate threshold increased hGH secretion and had an amplified pulsatile release 
of hGH at rest. The women in this study trained below lactate threshold for both 
aerobic and resistance exercise, which may have contributed to a lack of 
significance in acute or chronic changes in hGH levels. 
The limitations to this study include the use of DXA for body composition 
and a small sample size. We had previously shown the use of DXA for body 
composition in this population may lead to an overestimation of fat free mass at 
baseline due to fluid retention from pregnancy (38). Bioelectric impedance would 
have been a warranted measurement to quantify changes in tissue hydration 
from pregnancy to the postpartum period and during the 16 week study (75-77). 
Additionally in this study’s population with a higher BMI  and body thickness (> 25 
cm), DXA was more likely to be overestimate fat mass (~4%) or fat free mass 
(~2%) (45). Sagittal diameter measurements along with waist circumference 
would have been a complimentary measurement to DXA for abdominal visceral 
fat estimation (78).  
In a recent study estimating body fat in collegiate athletes, DXA 
overestimated the percent of body fat by 5% compared to the five compartment 
model. In addition, as body fat increased, the overestimation increases, 
especially in female athletes with greater than 20% body fat (79). A correction 
factor was suggested to use in athletes whose body fat was greater than 20%. 
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When the correction factor was applied to this study’s population, body fat 
percentages were 10% lower at baseline [33.6 (3.4)%] and endpoint [31.6 
(4.1)%] in both groups.  
Another concern is with hydration, especially since the participants were 
breastfeeding at baseline and endpoint. For normal populations, hydration has 
little effect on lean tissue mass and generally reflect normal variations that occur 
throughout the day with no effect on fat mass or bone density (45). An increase 
or decrease of hydration levels by 5% would bias the percent fat by 1 to 2.5% 
(45). On average a woman produces 23 to 27 ounces of breast milk per day. If a 
woman was fully engorged, this would translate into a 1% fluid increase, well 
below the 5% level which would produce a bias due to breast milk. However, we 
controlled for this by the time the infant last nursed to the time of the DXA scan 
was no more than two hours.  
The initial sample size calculated was 26 (13 per group). The sample size  
was estimated based on non-weight loss study (38) to provide enough power 
(80%) to detect change in lumbar spine BMD. However, the loss of lumbar spine 
BMD observed in the intervention group was similar to the study the power 
calculation was based on but the minimal care group lost less BMD than 
anticipated, perhaps due to higher estrogen levels. Given this study’s results, a 
sample size of 1500 (750 per group) would be needed to provide enough power 
(80%) to detect change in lumbar spine BMD in overweight lactating women. In 
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order to detect an acute effect of exercise on hGH, a sample size of 100 (50 per 
group) would provide enough power (80%) to detect a significant difference.  
These results suggest moderate energy restriction, walking, and 
resistance training are safe methods for weight loss in overweight fully 
breastfeeding women with no adverse affects on BMD and infant growth. Both 
groups improved their body composition, but the intervention group was able to 
safely lose more weight through moderate energy restriction and exercise. The 
intensity of the exercise intervention in this study may have been below the 
threshold to elicit an acute or chronic response in growth hormone. Further 
research is needed to examine the effects of the intensity, duration, and 
frequency of exercise on body composition, bone density, and hormones in 
normal and overweight lactating women.  
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EPILOGUE 
 
 
The presented research in this dissertation was the first to describe and 
compare changes in bone turnover markers, hormones, and bone mineral 
density in exercising and sedentary normal weight women during lactation. 
Additionally, it was the first to examine the effects of an exercise and energy 
restriction intervention on attenuation of lactation-induced bone loss in 
overweight women as well as anabolic hormones. To our knowledge, this was 
also the first study to use MyPyramid Menu Planner for Moms for dietary 
counseling using the total diet approach. 
The results of the first study suggest that exercise and higher dietary 
calcium intake may slow the loss of BMD during lactation. The second study 
expanded on the findings from the first study in this dissertation. The results 
suggested moderate energy restriction, aerobic exercise, and resistance training 
are safe methods for weight loss in overweight fully breastfeeding women with no 
adverse affects on BMD and infant growth. Additionally, the use of MyPyramid 
Menu Planner for Moms appeared to be a novel tool for dietary counseling and 
weight loss. 
The success of the two studies presented in this dissertation was a result 
of several years of collaboration with the community for recruitment, the women 
who volunteered their time and opened their homes to our research staff, and the 
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research staff, who traveled to participant’s home three times per week to help 
with childcare, morale support, and progress the exercise programs. Recruitment 
was one of the biggest problems encountered for the research in this 
dissertation. About 25% of the women screened were ineligible due to delivery by 
cesarean section. Previous to recruitment for the second study, medical 
clearance by a physician for exercise was around six to eight weeks postpartum 
making women ineligible based on time postpartum. Presently, women are being 
medical cleared for exercise around the fourth week postpartum after delivery by 
cesarean section. The exercise protocol for the second study would have been 
contraindicated after a major surgery in the abdominal region. The program was 
designed to target the core increasing the chance of slowing the healing process 
around the incision. 
An additional 20% self-reported BMI’s outside the BMI eligibility range for 
the study. The pre-pregnancy BMIs of the women screened ranged from 18 
kg/m2 to 46 kg/m2. The study design was to promote weight loss through healthy 
dietary choices and physical activity, which appeals to a wide-range of women. 
There were a small number of normal weight and active women who were 
interested in the study to help them return to their pre-pregnancy weight. 
Whereas, the obese to morbidly obese women were recommended by their 
physicians to take this opportunity to enroll in a free weight loss study which 
would help them achieve a healthier lifestyle after their baby was delivered. On a 
personal note, turning away the obese women from the study was difficult. Many 
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of them were seizing the opportunity to help change their lifestyle not only for 
themselves, but for their infant. It was hard to tell a pregnant woman she was 
“too heavy” to participate in a weight loss intervention. In most cases I was able 
to find other reasons for ineligibility. 
Another problem encountered was the woman’s inability to achieve 10,000 
steps or 3,000 aerobic steps per day. The commonly reported barriers were time, 
bad weather, illness, lack of child care and spousal support. Conversely, the 
compliance to the strength training program was high. Many of the women were 
able to achieve the strength workouts without the presence of research staff. The 
difference between the daily steps and strength program was convenience. The 
women reported it was easier to find 20 minutes during the day for the strength 
workout, versus 30 minutes to an hour for walking. The strength program was 
done within their home, compared to the daily steps which meant a purposeful 
walk outside the home. Multiparous participants reported their toddlers or 
preschoolers would not want to sit in a stroller but would want to walk with them, 
slowing the moms walking speed. Additionally, extreme weather (cold, heat, rain, 
snow, and wind) were real barriers to being able to walk outside with children. On 
average, the participants who owned treadmills or elliptical or whose spouses 
would help with childcare were successful in being able to achieve the 
recommended daily steps. For future studies, perhaps incorporation of a circuit 
training strength protocol may help with improvement of aerobic compliance.  
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There are a few areas for future research I would like to see expanded 
from this dissertation. The first would be to quantify the barriers to postpartum 
exercise and weight loss. Currently, we are capturing self-efficacy and barrier 
data in questionnaire form; however, I would like to see this data expanded into 
motivational interviews of the participants enrolled in the second study. I believe 
this data would give insight as to why some of the women were successful with 
losing weight and changing their lifestyle, and others were not. Gaining this 
insight may better direct future dietary and exercise interventions in overweight 
lactating women. 
The second would be to design a research study further examining the 
effects of calcium on bone density during lactation. The study would be a four-
arm research design from four to twenty weeks postpartum. Prepregnancy and 
pregnancy calcium intake, including calcium supplements, would determine 
eligibility for groups. Three of the groups would be women who have a 
chronically low consumption of calcium (< 500 mg/d). The women with low 
calcium intakes would be randomized (stratified by parity and BMI) to one of 
three groups: 1. control (no change in current calcium intake), 2. calcium 
supplement (diet + supplement = 1000 mg/d) and 3. increase in dietary calcium 
(dietary = 1000 mg/d). The fourth group would be women who chronically 
consume > 1000 mg/d of calcium. 
The third study would be to further explore hormones that regulate 
appetite, such as leptin and grhelin, and the effects on exercise and weight loss 
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during lactation. Some studies in women have shown exercise to have an effect 
on appetite. However, I think more research is needed to examine the effects of 
the intensity, duration, and frequency of exercise on hormones that regulate 
appetite in women, particularly during lactation. These hormones may have 
played a role in why some women successfully lose weight. Lastly, a follow-up at 
one-year postpartum is currently in progress. It will be interesting to see the 
change in bone density and body composition, especially in the women who 
continued to exercise beyond the 16-week intervention, and compare them to the 
results of our previous study with normal weight women, who stopped exercising 
after the 16-week intervention. 
 Overall, this research was extremely rewarding for not only the 
participants involved but for research staff. The study was designed to promote 
lifestyle changes in overweight women. We were successful in improving diet 
and increasing physical activity in this population with no adverse affects on BMD 
or infant growth. For the first study, I was involved in study implementation, 
applied and basic (hormone) laboratory assessment, and data analysis. The 
second study I was involved in every aspect from concept design, recruitment, 
implementation, applied and basic laboratory assessment, and data analysis. I 
look forward to seeing the results of the one-year follow-up and comparison of 
the two studies, as well as future studies examining the effects of exercise on 
bone density during lactation. I have enjoyed my time spent on these research 
studies, especially working with the participants and the research assistants. 
152 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
APPENDIX A 
 
STUDY 1 FORMS 
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Walking Log: 
 
** Please record the date each day you exercise aerobically, this should be 3 
days/week. 
** Please record what you actually do, even if it is different from the goal!!! 
** The “Range Goal” is the amount of time you should spend in your target 
heart rate range.  Add a 5 minute warm up and a 5 minute cool down to each 
session. 
** Your target heart rate range is: _________ 
 
 
Date:   Time in Range Total Time        Range Goal 
 
example 
10/20/03_  ___18____  __28____  18min 
10/22/03_  ___22____  ___35___  21 min 
 
__________  ___________  _________  5 min         WEEK 1 
 
__________  ___________  _________  10 min 
 
__________  ___________  _________  15 min 
 
__________  ___________  _________  18min         WEEK 2  
 
__________  ___________  _________  21 min 
 
__________  ___________  _________  24 min 
 
__________  ___________  _________  27 min         WEEK 3 
 
__________  ___________  _________  31 min 
 
__________  ___________  _________  34 min 
 
__________  ___________  _________  37 min         WEEK 4 
 
__________  ___________  _________  40 min 
 
__________  ___________  _________  43 min 
 
__________  ___________  _________  45 min         WEEK 5 
 
__________  ___________  _________  45 min 
177 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
APPENDIX B 
 
STUDY 2 FORMS 
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Initial Screening Form (see Appendix A) 
• Additional Screening for those participants’ whose actual versus self 
reported BMI was >30kgm-2 (1) 
Medical Clearance Form (see Appendix A) 
Photo Release Form (see Appendix A) 
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Documents for all Participants’ Folders at baseline (4 wks PP) 
Handout #1: 
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• Handout #2: United States Department of Agriculture(USDA) MyPyramid 
in Action: Tips for Breastfeeding Moms (2). 
• Handout #3: Baby’s First Year in Food (3). 
• Handout #4: Growth Charts (percentiles) Corresponding to Gender 
• World Health Organization Weight-for-age GIRLS Growth Charts: 
Birth to 6 months (4)  OR 
• World Health Organization Weight-for-age BOYS Growth Charts: 
Birth to 6 months (5) 
• Handout #5: Adapted Food Amounts Booklet for NDSR 24 hour dietary 
recalls (6) 
• Handout #6: Directions to the University of North Carolina at Greensboro 
Department of Nutrition Human Nutrition Laboratory (see above) 
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Documents for exercise participants’ folders 
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Weekly Pedometer Log 
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Nutritional handouts given to the exercise group after randomization and to 
the control group after endpoint measurement: 
• Handout #1: “The 10 Nutrition Rules to Live By” (7) 
• Handout #2: “Protein Basics” (8) 
• Handout #3: “What’s In Season? North Carolina Fruit and Vegetable 
Availability” (9) 
• Handout #4: “Goodness Grows in Living Color!” (10) 
• Handout #5: “How Much Do YOU Eat?” (11) 
• Handout #6: “Portion Distortion” (12) 
• Handout #7: “Nutrition Fact Sheet: What’s a Mom to Do?” (13) 
• Handout #8: “Too Tired to Cook” (14) 
• Handout #9: “Nutrition Fact Sheet: 25 Healthy Snacks for Kids” (15) 
• Handout #10: “Fit Facts: Healthy Hydration” (16) 
• Handout #11: “Fit Facts: Strength Training 101” (17) 
• Handout #12: “Fit Facts: A Walk a Day” (18) 
• Handout #13: “Step Equivalents” (19) 
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Documents for control participants’ folders: 
• Handout #1 sent to participants at week 5 of the intervention: “American 
Heart Association: Eat Less of the Nutrient-Poor Foods”  (20) 
• Handout #2 sent to participants at week 11 of the intervention: “American 
Heart Association: Our 2006 Diet and Lifestyle Recommendations”  (21) 
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